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The  Effect  of  Selective  Reenlistment  Bonuses  on 


Reenlistment  and  Extension  in  the  U*S*  Army 


t«  Introduction 

The  Army  incurs  a  substantial  resource  investment  in  recruiting  and  training 
soldiers  during  their  first  enlistment  terms  of  two,  three,  or  four  years*  Returns  to  this 
investment  are  realized  by  the  Army  in  the  form  of  increased  productivity  through 
improved  performance  after  training*  The  returns  on  this  investment  are  expected  to  be 
larger,  the  longer  the  soldier's  term,  and  even  more  substantial  for  certain  soldiers  with 
successive  reenlistment  or  extension  tours.  To  make  reenlistment  a  particularly 
attractive  option  for  select  soldiers,  a  financial  inducement  in  the  form  of  a  bonus  is 
offered*  Called  the  Selective  Reenlistment  Bonus  (SRB),  it  is  offered  to  specially 
qualified  individuals  who  choose  to  reenlist  in  particular  military  occupational  specialties 
(MOS)  deemed  either  critical  to  the  Army's  mission  or  short  in  supply*  Since  military  pay 
Is  virtually  constant  across  occupations,  the  SRB  is  used  as  a  compensating  wage 
differential  to  increase  reenlistments  in  the  hard-to-f ill  MOS*  As  such,  it  has  proven 
useful  as  a  policy  tool  to  Insure  an  adequate  balance  between  manpower  supply  and 
demand* 

The  purpose  of  this  paper  is  to  analyze  the  impact  of  the  Selective  Reenlistment 
Bonus  on  the  supply  of  both  reenlistments  and  extensions  in  the  Army.  Since  the  impact 
of  this  incentive  on  supply  is  likely  to  vary  by  occupation,  we  estimate  separate  effects 
for  specific  groups  of  MOS.  As  both  reenlistments  and  extensions  would  tend  to  pull  in 
opposite  directions  in  response  to  an  SRB,  we  estimate  the  net  effect  of  both* 

Section  II  provides  a  discussion  of  random  utility  maximization  theory  upon  which 
our  model  is  based*  Section  III  presents  the  empirical  estimation  and  a  discussion  of  the 
results*  Section  IV  provides  concluding  remarks  and  policy  implications*  The  estimation 
of  potential  civilian  earnings  of  soldiers  is  found  in  Appendix  A  and  the  derivation  of 


elasticities  for  a  trichotomous  logit  model  is  included  in  Appendix  B, 

lU  Theoretical  Framework 

Toward  the  end  of  his  first  term,  a  soldier  is  faced  with  a  decision  on  three  discrete 
choices:  (1)  separation  from  the  Army  at  the  end  of  the  term,  (2)  a  committment  to  an 
extension  for  a  period  of  less  than  three  years,  or  (3)  a  committment  of  reenlistment  for 
a  period  of  three  to  six  years.  An  appropriate  theoretical  model  to  explain  such  a 
decision  is  that  of  random  utility  maximization  initially  developed  by  Thurstone  (1927). 
A  soldier  is  assumed  to  compare  total  utility  (or  satisfaction)  obtained  from  pecuniary 
and  non-pecuni ary  returns  associated  with  any  one  of  the  three  choices  and  selects  the 
one  which  provides  him  maximum  utility.  The  decision-making  process  of  a  soldier  can 
be  represented  by 

(1)  Max  =  (X^,  Y|^,  Z^)  +  for  k  =  1,  2,  3. 

where 

=  total  utility  derived  fran  alternative  k, 

k  =  1  for  separation, 
k  =  2  for  extension, 
k  =  3  for  reenlistment, 

X|^  =  pecuniary  returns  from  alternative  k, 

Yj^  =  non-pecuniary  returns  from  alternative  k, 

=  personal  (demographic)  characteristics  of  soldiers. 

^  =  stochastic  component  of  denoting  such  non-observable  individual  traits  as 
preference  for  military  or  civilian  service,  patriotism,  etc.;  with  E  (  ^)  =0;  cov 

(  e,  j  3nd  cov  (  X)  =  0  . 
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Assuming  that  an  estimating 


equation  for  U|^  is  linear  in  the  attributes  (reenlistment  bonus  and  military  pay)  of  the 
choice^  personal  characteristics  of  the  soldiers,  and  the  stochastic  component  e  we 
have 


where  Xj^  is  a  vector  of  explanatory  variables  (with  corresponding  fixed  coefficient 

vector  B.)  and  e,  is  the  random  error  term.  An  individual  soldier  will  select  an 
k  k 

alternative  k  among  the  three  available  options  if  and  only  if 


(3)  U,  >  U.  for  a  II  j  ^  k. 
kt  jt 

Since  we  are  not  able  to  observe  the  utility  levels  associated  with  the  three 
alternatives,  but  instead  observe  only  the  three  choices  themselves,  we  represent  them 
by  the  random  variable  w^,  where  w^  =  1  if  separation  is  chosen,  w^  =  2  if  extension  is 
chosen,  and  w^  =  3  if  reenlistment  is  chosen.  Substituting  (3)  into  (2),  alternative  j  will 
be  chosen  (w  =  k)  if  and  only  if: 


(4) 


G  . 
Jt 


kt 


>  X 


kt 


3  . 


i 


This  equation  states  that  a  randomly  selected  soldier  t  will  select  alternative  j  if  the 

difference  of  the  utility  from  unobservable  taste  variables  of  the  jth  and  kth  choices 

exceed  the  difference  of  the  utility  from  the  observable  pecuniary  variables.  Since  we 

cannot  observe  =  ^^1t^  ^2t'  ^3t^'  we  cannot  calculate  the  difference  between 

e  .  and  e  and  hence  cannot  determine  If  the  inequality  (4)  holds.  Assuming  that  the 
J 

error  terms  have  an  extreme  value  distribution  in  the  population,  we  obtain  the  Weibull 
distribution.  McFadden  (1974)  shows  that  on  the  basis  of  this  distribution,  the  logistic 
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probability  that  an  alternative  j  will  be  chosen  by  the  t'th  soldier  is  given  by: 

8 

,5,  p,  =  j,k 

Z  e  k  t 
k  =  1 

where  Pj  =  probability  of  choice  j  subject  to  the  condition  that  a  soldier  t  makes  a  choice 
1(-  Xj  =  explanatory  variables  for  t'th  soldiers;  k  =  0  for  separation;  1  for  extension,  2  for 
reenlistment;  8=  parameters 


In  order  to  estimate  the  parameters  of  equation  (5),  it  is  necessary  to  normalize 


them.  This  was  done  with  respect  to  separation  so  that  the  coefficients  of  this  base 
group  are  treated  as  zeros  and  those  of  the  extension  and  reenlistment  equations  are 
estimated  relative  to  separations. 

The  derivation  of  an  elasticity  with  respect  to  an  explanatory  variable  is  shown  in 
Appendix  B.  This  formula  is  illustrated  as  follows  with  respect  to  the  reenlistment 
choice: 


(6) 


6,.  X.  ''  -  ^> 

I 


X 

e 


where 

e  =  elasticity  of  reenlistment  probability  with  respect  to  explanatory  variable  Xj; 

r,  x. 

6  =  coefficient  of  explanatory  variable  x-  in  the  reenlistment  equation;  p^  - 

reenlistment  probability;  x^  =  mean  value  of  explanatory  variable  Xj  in  the  reenlistment 
equation;  ^  x  ~  coefficient  of  explanatory  variable  Xj  in  the  extension  equation;  Pg 
=  probability  of  extension;  =  mean  value  of  explanatory  variable  Xj  in  the  extension 
equation. 


The  most  important  variable  for  policy  purposes  Is  the  selective  reenlistment  bonus 
(SRB).  In  FY1981,  the  maximum  amount  of  SRB  was  $16,000  and  the  average  amount 
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varied  between  $3,000  and  $5,000.  These  payments  are  made  to  eligible  soldiers  who 
reenlist  for  a  period  of  three  to  six  years.  The  actual  bonus  payment  varies  across  MOS 
according  to  the  degree  to  which  the  MOS  skill  is  currently  deemed  critical  or  high  in 
demand.  The  bonus  also  varies  in  amount  directly  with  the  size  of  the  soldier’s  monthly 
basic  pay,  and  increases  with  the  years  of  additional  obligated  service  upon 
reenlistment.  We  calculated  these  amounts  not  only  for  soldiers  who  decided  to  reenlist 
but  also  for  those  who  decided  to  extend  or  separate.  The  reason  for  assigning  SRBs  to 
both  extendees  and  the  separatees  was  that  they  were  eligible  to  reenlist  and,  hence,  had 
the  opportunity  to  receive  the  bonus.  The  estimation  of  SRBs  for  these  two  groups  of 
soldiers  was  based  on  the  assumption  that  they  would  have  reenlisted  for  an  average  term 
of  service  in  their  occupation.  It  was  hypothesized  that  an  increase  in  SRB  would 
increase  reenistments  but  decrease  extensions. 

The  ratio  of  military  pay  to  civilian  earnings  (RMC/W)  was  also  included  in  the 
estimating  equation.  Military  pay  is  comprised  of  a  basic  pay  component  to  which  were 
added  basic  allowances  for  quarters  and  subsistence,  and  the  so-called  federal  tax 
•advantage.*  The  allowances  were  adjusted  with  respect  to  pay  grade,  years  of  service 
and  marital  status.  Potential  civilian  wages  of  soldiers  were  estimated  from  a  civilian 
earnings  equation  discussed  in  Appendix  A.  It  was  hypothesized  that  an  increase  in  the 
ratio  of  military  to  civilian  pay  would  tend  to  increase  both  extensions  and  reenistment 
probabilities. 

Unemployment  (U)  was  also  thought  to  affect  reenlistment,  and  was  measured  by 
the  unemployment  rate  of  the  state  of  residence  of  the  soldier  at  the  time  of  his 
enlistment.  Theory  would  lead  us  to  believe  that  the  relationship  between  this  variable 
and  extension  and  reenlistment  would  be  positive  —  high  civilian  unemployment  would 
result  in  higher  reenlistment  and  extension  probabilities. 

Individual  soldier  characteristics  included  in  the  model  consisted  of  race  (RACE), 
score  on  the  Armed  Forces  Qualification  Test  (AFQT),  and  the  number  of  family 
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dependents  (DEP).  The  AFQT  variable  was  developed  as  a  binary  variable  equal  to  1  for 
those  who  scored  in  the  upper  fifty  percent  of  the  test  (CAT  l-IIIA  high  quality  soldiers) 
and  equal  to  zero  otherwise.  The  expected  sign  of  this  variable  is  negative  in  the 
reenlistment  equation;  that  is,  higher  quality  soldiers  tend  to  quit  either  for  better 
civilian  opportunities  or  to  go  to  college. 

The  race  variable  was  also  binary  and  was  equal  to  1  for  black,  0  otherwise.  It  was 
hypothesized  that  black  soldiers  have  a  higher  probability  to  both  reenlist  and  extend  in 
the  Army,  due  perhaps  to  the  perception  of  greater  opportunity  for  advancement  in  the 
military  than  in  the  civilian  sector.  The  variable  on  the  number  of  family  dependents 
was  also  hypothesized  to  bear  a  positive  relationship  to  reenlistment  and  extension 
probabilities;  married  soldiers  with  dependents  were  assumed  to  be  more  risk-averse, 
tending  to  remain  in  the  Army  rather  than  quit  and  face  the  uncertainties  in  the  civilian 
labor  market. 

Data  were  obtained  primarily  from  the  Enlisted  Master  File  (EMF)  for  fiscal  years 
(FY)  1980  and  1981.  A  special  match  of  these  files  determined  the  number  of  enlistees 
by  their  MOS  who  were  eligible  for  reenlistment  in  FY  1981.  These  reenlistees  decided 
to  extend  for  a  period  of  up  to  3  years  or  to  reenlist  for  3  to  6  years  and  had  made  the 
decision  during  the  "open  window’  period  between  30  and  36  months  of  service. 

In  FY  1981,  there  were  more  than  300  MOS,  of  which  131  were  eligible  to  receive 
the  first-term  SRB.  In  order  to  reduce  the  estimable  equations  to  a  more  manageable 
number,  conserve  the  degrees  of  freedom  (some  MOS  are  quite  small),  and  provide  more 
variation  in  the  SRB  variable  itself,  the  MOS  were  grouped  into  15  Career  Management 
Fields  (CMFs)  as  occupationally  homogeneous  as  possible.  The  data  were  also  sorted  to 
include  only  those  MOS  for  which  an  SRB  was  paid. 

Hi.  Data  Analysis  and  Empirical  Results 

Tables  1  and  2  present  mean  values  of  the  reenlistment  and  extension  variables. 
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respectively,  by  CMFs.  The  number  of  eligible  soldiers  Is  the  total  number  of  soldiers 
who  had  the  required  length  of  service,  were  tested  for  their  primary  MOS  skill,  and  had 
a  score  of  90  or  above  in  any  three  or  more  aptitude  test  areas.  Twelve  out  of  fifteen 
multinomial  logit  reenlistment  equations  converged  and  had  statistically  significant  log 
likelihood  ratios*  The  empirical  equation  for  the  total  of  all  CMFs  in  the  reenlistment 
and  extension  equations  are  impressive  (not  shown).  The  SRB  variable  is  positive  and 
significant  in  the  reenlistment  equation  and  negative  and  significant  in  the  extension 
equation,  as  expected.  The  pay  variable  is  positive  and  significant  in  both  and  is  also  in 
accord  with  a  priori  expectations.  AFQT  is  negative  and  statistically  significant  in  the 
reenlistment  equation  indicating  lower  probability  of  reenlistment  among  higher  quality 
soldiers.  Both  RACE  and  DEP  are  also  statistically  significant  and  positive  in  both  the 
reenlistment  and  extension  equations.  The  unemployment  variable  is  contrary  to 
expectations,  although  this  finding  is  not  surprising  given  the  mixed  results  in  the  extant 
literature. 

The  empirical  estimates  at  the  disaggregated  CMF  level  (not  shown)  demonstrated 
mixed  results,  although  the  performance  of  the  SRB  variable  was  impressive  in  both  sign 
and  statistical  significance  for  the  reenlistment  and  extension  equations.  The  RMC/W 
variable,  however,  changed  signs  frequently  and  was  generally  insignificant.  U  had  no 
explanatory  power  in  the  estimating  equations,  and  two  demographic  variables  —  CAT 
and  DEPS  —  did  not  contribute  significantly  to  either  the  reenlistment  or  extension 
decision.  The  most  successful  of  the  demographic  variables  is  RACE.  Being  black 
significantly  increased  the  probability  of  extension  in  five  of  the  12  equations. 

In  terms  of  the  SRB  variable,  the  relationship  to  the  reenlistment  probability  was 
positive,  as  expected,  and  significant  In  ten  equations.  The  unexpected  negative  sign  was 
observed  for  Field  Artillery  and  an  insignificant  SRB  coefficient  was  found  for  General 
Repairers.  Elasticities,  based  on  equation  (6),  are  reported  in  Table  3.  The  values  of 
SRB  elasticities  are  all  less  than  1.0  (inelastic)  and  incorporate  a  rather  wide  range  — 
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from  0.12  for  Infantry  to  0.98  for  Air  Defense  Systems  Maintenance.  The  elasticity 
value  for  an  aggregation  of  all  CMFs  is  around  0.5. 

The  values  of  reenlistment  elasticities  in  Table  3  vary  somewhat  by  occupation. 
Assuming  an  elasticity  midpoint  of  0.5,  it  is  observed  that  occupations  that  tend  to  be 
more  risky  and  dangerous  (Infantry  and  Combat  Engineers)  or  are  highly  skilled  and, 
hence,  in  relatively  high  civilian  demand  (e.g.  Health  Care)  generally  tend  to  have 
elasticities  of  less  than  or  equal  to  0.5.  On  the  other  hand,  occupations  that  are 
relatively  less  skilled,  not  easily  transferrable  to  the  civilian  sector,  and  are  lower  in 
demand  in  the  civilian  sector  tend  to  have  elasticities  in  excess  of  0.5,  e.g..  General 
Operators  (0.52),  General  Machinists  and  Mechanics  (0.52),  Special  Repairers  (0.54),  Air 
Defense  Systems  Maintenance  (0.98)  and  Intelligence  (not  easily  transferrable  --  0.72). 
Two  exceptions  to  this  are  the  Air  Defense  Artillery  which  is  a  risky  and  dangerous 
occupation  and  Traffic  Controllers  which  has  a  high  civilian  demand. 

It  must  be  noted  that  the  SRB  elasiticities  in  Table  3  show  the  net  increase  in 
reenlistment  probabilities;  that  is,  these  values  are  adjusted  for  the  decrease  in 
extensions  given  by  the  second  term  of  equation  (6).  It  is  necessary  to  adjust  for  this 
decrease  in  a  trichotomous  framework  of  multinomial  logit  in  which  the  explanatory 
variables  in  the  reenlistment  and  extension  equations  for  a  given  CMF  are  identical. 
Similar  adjustments  were  also  made  in  the  extension  elasticities  shown  in  Table  3. 

The  calculation  of  elasticities  in  a  multinomial  system  has  progressed  considerably 
in  the  last  few  years.  This  is  one  of  the  advances  of  this  paper  over  the  previous  work  of 
Ward  and  Tan  (1985),  Goldberg  and  Warner  (1982),  and  Lakhani  and  Gilroy  (1985).  For 
example.  Ward  and  Tan  (1985)  refer  to  the  coefficient  of  an  explanatory  variable  as 
elasticity  (p.  30).  Goldberg  and  Warner  (1982)  rightly  derived  the  slopes  of  the 
conditional  means  of  reenlistment  and  extension  probabilities  for  the  Navy  and  multiplied 
them  by  the  average  values  of  the  variables,  but  excluded  the  second  part  of  the 
elasticity  formula.  Lakhani  and  Gilroy  (1985)  also  used  the  slopes  of  the  conditional 
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means  and,  hence,  erroneously  obtained  higher  elasticities  since  they  too  excluded  the 
second  part  of  the  formula.  The  SRB  elasticities  in  Table  3  are  considerably  lower  than 
those  estimated  earlier  by  Lakhani  and  Gilroy  (1985). 

Table  3  also  reports  the  elasticities  for  the  relative  pay  variable.  As  expected, 
these  are  positive  and  significant  for  five  CMFs  (including  extensions  and  reenistments); 
but,  in  general,  these  results  are  disappointing. 

Table  3  also  displays  the  extension  elasticities.  As  expected,  the  SRB  effects  are 
negative  in  all  of  the  equations  indicating  that  an  increase  in  SRB  would  reduce 
extensions.  These  elasticities  are  generally  higher  than  those  for  reenlistment  and  range 
from  -0.63  to  -1.85.  They  are  also  adjusted  for  the  interaction  effect  and  are  smaller 
than  those  estimated  in  Lakhani  and  Gilroy  (1985). 

IV.  Conclusions  and  Policy  Implications 

This  research  has  attempted  to  apply  Thurstone's  theory  of  random  utility 
maximization  to  first-term  soldiers  at  their  decision  point  to  reenlist,  extend,  or 
separate  from  the  Army.  The  model  performed  very  well  at  the  aggregate  level,  but  the 
results  of  the  equations  were  generally  disappointing  at  the  disaggregated  occupational 
level.  The  effect  of  the  selective  reenlistment  bonus  (SRB)  variable  was  still  impressive, 
however,  --  positive  and  statistically  significant  in  the  reenlistment  equations  and 
negative  and  significant  in  the  extension  equations.  An  increase  in  SRBs  tends  to 
increase  the  probability  of  reelistment  and  decrease  separations  and  extensions.  The 
elasticities  (or  responsiveness)  of  reenlistment  to  SRBs  varied  across  occupations  —  from 
0.12  to  0.98.  The  SRB  elasticities  tend  to  be  relatively  smaller  In  occupations  that  are 
risky  and  dangerous  or  in  high  civilian  demand,  and  higher  in  occupations  that  are  not 
easily  transferrable  to  civilian  sector. 

The  estimating  equations  also  included  several  other  explanatory  variables  --  the 
ratio  of  military  to  civilian  pay,  unemployment,  race,  the  number  of  dependents,  and 
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soldier  quality.  Although  the  coefficients  for  these  variables  were  significant  at  the 
aggregate  level,  they  were  relatively  unimpressive  at  the  disaggregated  occupational 
levels.  This  latter  finding  points  out  a  potentially  serious  problem  of  equation 
specification.  A  solution,  of  course,  is  to  use  perhaps  a  more  comprehensive  and 
differently  specified  set  of  independent  variables,  and  an  expanded  and  more  recent  data 
set.  Both  of  these  will  be  done  in  ensuing  research. 
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DESCRIPTIVE  STATISTICS  FOR  REENLISTMENT 
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Coefficient  was  insignificant,  hence  elasticity  was  not  calculated* 


Appendix  A 


THE  CIVILIAN  WAGE  MODEL 

In  order  to  present  a  realistic  picture  of  labor  market  opportunities  that  enlisted 
personnel  would  face  should  they  choose  to  leave  the  Army,  their  potential  civilian 
earnings  were  estimated.  These  were  derived  from  a  civiiian  wage  model  based  on  the 
theory  of  Investment  in  human  capital  —  the  Idea  that  individuals  do  not  necessarily 
consume  for  the  sake  of  present  rewards,  but  Invest  for  the  sake  of  future  monetary  and 
non-monetary  returns.  Individuals  will  Invest  today  In  education  and  training  in 
anticipation  of  greater  returns  later.  Earnings  of  individuals,  then,  are  likely  to  be 
depressed  during  the  time  they  are  "Investing  in  human  capital,"  yet  more  than  offset  by 
higher  wages  In  the  later  years  of  their  working  lives.  The  parameters  to  measure  the 
monetary  returns  on  this  Investment  consist  of  the  time  spent  In  acquiring  on-the-job 
training,  relevant  experience,  and  education.  Blaug  (1976,  p.  837)  notes  that  human 
capital  theory  predicts  that  the  earnings-experlence  profiles  of  different  educational 
wwhorts  will  be  concave  from  below,  prediction  that  has  been  widely  confirmed.  Becker 
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(1975)  demonstrated  that  the  age-earnJngs  profiles  tend  to  be  steeper  among  more  skilled 
and  educated  persons.  Psychological  theory  has  taught  us  about  "learning  curves",  whose 
declining  slopes  are  explained  In  part  by  the  natural  depreciation  of  human  capital. 
Hence,  both  theories  suggest  that  wages  Increase  as  experience  and  education  rise,  but 
the  growth  rate  of  wages  decreases  as  human  capital  deteriorates.  Such  a  concave  curve 
Is  denoted  by  a  quadratic  function  In  which  the  natural  logarithm  of  wages  Is  a  function 
of  the  square  of  the  experience  term  as  the  literature  suggests."*  Other  factors  such  as 
age,  race,  sex,  and  marital  status  are  often  Included  as  other  explanatory  variables  in  the 
civilian  model  of  wage  determination  In  order  to  avoid  omitted  variables  bias. 

The  estimating  equation  specified  here  takes  the  form 

Bq  +  B-U  ♦  B2E  +  BjX  +  B^X^  +  BjR  +  BgM  +  B^D  +  u 

(1)  W  =  e 

Taking  the  natural  logarithm  of  both  sides  of  (1)  we  obtain 

(2)  In  W  =  Bq  +  B,U  +  BjE  +  B3X  +  B^X^  +  BjR  +  B^M  +  B^D  +  u 

where 


W  =  annual  wages  earned  in  1981 

tl  =  local  area  youth  (19-22)  unemployment  rate 

E  =  education  (years  of  formal  schooling) 

X  =  weeks  of  experience 
X^  =  X  squared 

R  »  race  (1  =  white;  0  »  all  others) 

M  =  current  marital  status  (1  =  ir  rled;  0  =  all  others) 
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D  =  number  of  dependents 
u  =  random  error  term 

with  the  expectation  that 
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Data 

The  data  used  are  from  the  1981  National  Longitudinal  Surveys  of  Youth  Labor 
Market  Experience  (NLS).  a  national  probability  sample  of  approximately  12.000 
Individuals  aged  14-24.  This  sample  Is  superior  to  alternative  sources  of  data  which 
require  the  assumption  that  experience  Is  given  by  age  minus  schooling  minus  six 
(Michael  and  Tuma,  1984).  For  the  purposes  of  this  research,  we  selected  from  this 

sample  only  male  respondents  In  the  19-22  year  old  range. 

We  have  further  limited  the  sample  by  excluding  those  with  a  four-year  college 
degree,  since  the  comparable  enlisted  cohort  is  not  likely  to  have  completed  college.  We 
have,  however,  retained  those  respondents  who  have  completed  a  two-year  college 
education,  since  most  of  the  enlistees  at  the  end  of  their  first  term  were  either  high 
school  graduates  at  the  time  of  enlistment  or  have  since  received  training/education 
comparable  to  a  two-year  college  education.  We  excluded  workers  who  were  also  full¬ 
time  students.  An  additional  limitation  was  placed  on  the  sample  to  Include  only  those 
Individuals  who  worked  35  or  more  hours  a  week  (the  official  designation  for  full-time 
work)  and  who  earned  at  least  $1,000  in  1981.  These  restrictions,  together  with 
adjustment  for  missing  values,  diminished  the  sample  size  to  1.837.  The  discussion  on  the 
NLS  questions  used  Is  presented  In  the  data  appendix.  The  descriptive  statistics  for  the 
relevant  variables  are  shown  in  Appendix  Table  1. 


A- 3 


TABLE  A-1 


DESCRIPTIVE  STATISTICS  OF  THE  NLS  YOUTH  COHORT,  AGE  19-22,  1981 

(N  =  1,837) 


Variable 

Mean 

Minimum 

Value 

Maximum 

Value 

Standard 

Deviation 

Annual  Wage  ($  1981) 

$11,617 

$1,040 

$25,000 

$4,428 

Unemployment 

Rate  (percent) 

8.1 

4.5 

18.0 

3.0 

Education  (years) 

11.3 

2.0 

14.0 

1.7 

Experience  (weeks) 

98.4 

1.0 

313.0 

70.2 

Race  (white) 

- 

0 

1.0 

- 

M  arital  Status 
(married) 

- 

0 

1.0 

- 

Number  of  Dependents 

2.0 

0 

4.0 

.8 

Results 


The  results  of  the  linear  and  log-linear  regression  equations  appear  in  Appendix 
Table  2.  The  implicit  civilian  wages  of  first  term  Army  enlistees  are  predicted  from  the 
values  of  the  coefficients  of  the  linear  specification. 

All  coefficients  exhibit  the  expected  signs,  and  all  important  variables  are 
significantly  different  from  zero.  The  coefficients  of  determination  are  typically  low, 
but  their  t  ratios  are  significant  at  the  .01  level,  and  the  Durbin-Watson  statistics 
indicate  absence  of  autocorrelation  of  the  residuals.  Marital  status  (M)  is  conspicuously 
absent  from  the  estimating  equation  because  of  mult icollinearity  with  the  number  of 
dependents  (D).  We  retain  the  latter  since  it  generally  contains  the  effect  of  manta! 
status.  The  variable  has  the  expected  negative  sign  but  is  not  statistically  significant 
because  of  very  small  variation  in  the  work  experience  of  the  19-22  age  cohort.  Wages 
increase  as  experience  gained  on  the  job  rises,  but  at  a  decreasing  rate  because  of  the 
depreciation  of  human  capital. 

In  order  to  estimate  civilian  wages  for  enlisted  personnel  on  the  verge  of  their 
reenlistment  decision,  the  significant  coefficients  in  the  linear  equation  were  multiplied 
by  the  values  of  the  independent  variables  for  each  individual.  These  were  summed 
together  (U  was,  of  course,  subtracted)  and  combined  with  the  value  of  the  intercept 
term  to  obtain  the  potential  civilian  wage.  These  estimates  were  then  used  as  the 
denominator  of  the  military-civilian  wage  variable  in  the  reenlistment  and  extension 
model  described  below. 
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TABLE  A-2 


REGRESSION  RESULTS  FOR  CIVILIAN  WAGES  OF  THE  NLS  YOUTH  COHORT,  1981 

(N  =  1,837) 


Independent  Variable 

Linear 

Log-Linear 

Intercept 

3,081.65* 

(3.07) 

13.19* 

(154.49) 

Unemployment  Rate  (percent) 

-113.56* 

(3.2) 

* 

-.01 

(3.6) 

Education  (years) 

442.58* 

(6.33) 

.03* 

(5.55) 

Experience  (weeks) 

19.61* 

(2.59) 

.01* 

(3.19) 

Experience-Squared 

-.01 

(.63) 

-.00 

(1.14) 

Race  (white  =  1) 

527.00* 

(2.14) 

.05* 

(2.46) 

Dependents  (number) 

794.53* 

(6.63) 

.07 

(6.91) 

Adjusted  R-Squared 

.12 

.13 

F  Ratio 

34.02* 

35.87* 

Durbin-Watson  Statistic 

1.77 

1.79 

t -  ratios  in  parentheses. 
^Significant  at  the  .01  level. 
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Appendix  B 


Derivation  of  Elasticity  Formula 

In  general,  for  a  given  X j ,  the  elasticity  of  the  dependent  variable 
(Y)  with  respect  to  Xj  is  given  as 

(B.1)  Eyj  =  3Y/3Xj*Xj/Y. 

However,  in  a  logistic  model  specification,  the  formula  for 
calculating  the  elasticity  is  slightly  different.  Within  a  multinomial 
logit  specification,  the  probability  of  a  given  outcome  (ie  -  the 
dependent  variable)  is  expressed  as 

exp(sum 

(B.2)  P,^  “  - -  . 

K  I 

sum(exp(sum  B^^X- )) 
k=1  1=1  ^ 

where  P,^  =  the  probability  of  the  kth  outcome, 

=  the  coefficient  of  the  ith  explanatory  in  the  kth  equation,  and 
Xj  “  the  ith  explanatory  variables.  For  simplicity  it  is  assumed  that 
Xik  *  X^,  for  all  k. 
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For  the  present  case,  the  outcome  set  has  three  elements,  or  k  = 
0,1,2.  As  a  simplification  let  V|^  =  sum(i  =  1 ,1 )B .  Therefore,  the 
outcome  probabilities  are  expressed  as 

(B.3)  Pq  -  exp(VQ)/(exp(VQ)  +  exp(V^)  +  exp(V2)), 

(B.i))  =  exp(V^  )/(exp(VQ)  +  exp(V^)  +  exp(V2)),  and 

(B.5)  P2  =  exp(V2)/(exp(VQ)  +  exp(V^)  +  exp(V2)). 

This  can  be  further  simplified  by  normalizing  the  coefficients  of  the 
first  outcome  to  equal  0.  Or, 

(B.3')  Pq  '  1/(1  +  exp(V,)  +  exp(V2)), 

(B.l|')  P^  =  exp(V^)/(1  +  exp(V^)  +  exp(V2)),  and 

(B.5’)  P2  *=  exp(V2)/(1  +  exp(V^)  +  exp(V2)). 

The  first  step  in  the  derivation  is  to  find  the  partial  derivative  of 
a  particular  Pj^  (say  P^)  with  respect  to  an  X j .  This  is  given  as 

(B.6)  BP^/BXj  - 
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[exp(V^ )][1+exp(V^ )+exp(V2)]-[exp(V^ [exp(V^ )]+$j2Cexp(V2)]) 

[1  +  exp(V^)  +  exp(V2)]^ 


=  Bj^rexp(V^)+exp(2V^)+exp(V,+V2)]-BjTCexp(2V,)]-Bj2[exp(V^+V2)] 

[1  +  exp(V^)  +  exp(V2)]^ 

Bj^rexpCV^)]  +  [Bji  -  6j23[exp(V^+V2)] 

[1  +  exp(V^)  +  exp(V2)]^ 

Substituting  from  equations  (C.3’)  ~  (C.5')  into  equation  (C.6)  yields 
(B.7)  3Pi/3Xj  =  BjiPoPi  +  [6ji  - 

“  *  ^2^^1  “  ^j2^1^2  * 

Now,  define  Pq  '  1  “  P-i  ~  ^2*  Substituting  this  expression  into 
equation  (C.7)  and  further  simplifying,  gives 

(B.8)  ap^/axj  -  Bji(i  -  Pi  -  Pa 

“  ~  ~  ®j2^1^2 

The  final  step  needed  to  find  the  elasticity  formula  is  to  multiply 
equation  (C.8)  by  Xj/?^  and  set  -  P,  and  P2  -  P2*  This  yields  an 


B-3 


expression  for  the  elasticity  similar  to  that  in  equation  (C.1).  Or, 


(B.9)  E^j  -  3P^/3Xj»Xj/P^  =  CBjid  -  Pi)Pi  -  6j2PiP23*I^Xj/Pl^ 


.  [ej,(i  -  p,)  -  BjsP^D-Xj 


It  is  not  difficult  to  derive  similar  expressions  for  the  other  model 


outcomes. 
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A  MODEL  OF  THE  IMPACT  OF  INCENTIVES  ON  SECOND  TOUR  PERFORMANCE 


I.  INTRODUCTION 

Since  the  early  1980's  the  quality  of  the  personnel  entering  the  U.  S. 
Army  has  steadily  Improved.  The  enlistment  of  both  the  percentage  of  high 
school  graduates  and  the  number  of  individuals  scoring  above  the  fiftieth 
percentile,  I.  e.  (test  categories  l-IIIA)  on  the  Armed  Forces 
Qualification  Test  (AFQT),  has  Increased  during  this  period.  During  the 
early  portions  of  this  period  high  unemployment  rates  among  the  teenage 
population  which  constitutes  the  primary  source  of  recruits  for  the  Army, 
made  it  easy  to  recruit  high  quality  individuals.  Since  that  period, 
however,  general  economic  conditions  have  improved.  This  has  made  it  more 
difficult  to  attract  high  quality  recruits.  Hence  it  has  become  necessary 
to  offer  both  monetary  and  nonmonetary  Incentives  to  induce  individuals  to 
enlist.  The  cost  of  these  monetary  Incentives  to  attract  and  retain  high 
quality  recruits  has  made  it  essential  for  the  Army  to  justify  its  need  for 
the  quality  goals  sought.  The  objectives  of  these  requirements  are  to 
insure  that  future  leadership  and  desired  performance  requirements  for  MOS 
are  met.  The  primary  focus  of  this  paper  Is  on  the  impact  of  such 
incentives  on  second  tour  performance,  and  the  impact  of  goals  for  second 
tour  performance  on  recruiting  objectives. 

Individuals  during  their  second  tour  fulfill,  not  only  immediate  Army 
manpower  needs  but  are  also  the  primary  pool  from  which  the  future 
noncommissioned  officers  of  the  MOS  are  developed.  The  individuals  who  are 
In  their  second  tours  are  the  leaders  and  the  on-the-job  trainers  of  new 
recruits.  They  also  form  the  pool  of  Individuals  from  which  the  career 
force  members  are  selected.  The  Army's  manpower  system  Is  a  bottom-up 
system.  That  is,  individuals  enter  the  system,  with  few  exceptions,  at  the 


bottom  and  are  promoted  from  within.  It  is  necessary  to  recruit  quality 
Individuals  to  meet  second  tour  and  career  quality  requirements.  Although 
it  may  be  possible  to  meet  high  quality  requirement  through  MOS  migration, 
high  retraining  costs  make  this  an  undeslred  approach.  Hence  the  Army's 
quality  requirement  for  MOS,  which  is  its  assessment  of  the  number  of 
noncommissioned  officers  needed  for  leadership,  must  be  met  primarily  by 
first  term  recruits. 

To  meet  Its  high  quality  requirements  the  Army  has  several  policy 
tools.  The  principal  ones,  however,  are  the  economic  incentives  it  offers 
for  joining  and  reenlisting  in  the  Army.  These  Incentives  are  the 
enlistment  bonus,  the  Army  College  Fund  (ACF),  and  the  selective 
reenlistment  bonus  (SRB)  programs.  The  enlistment  bonus  and  the  ACF 
increase  the  supply  of  high  quality  individuals  available  to  the  Army.  The 
SRB  serves  to  increase  the  number  of  high  quality  individuals  retained  in  a 
MOS. 

The  objective  of  this  research  is  to  determine  the  Impact  of  various 
levels  of  economic  Incentives  on  second  tour  performance,  it  is  not  the 
intent  of  this  paper  to  determine  optimal  Incentive  levels.  Rather 
incentive  levels  will  be  assumed  and  the  consequences  of  those  assumptions 
will  be  scrutinized.  Predicted  second  tour  performance  will  be  examined. 

All  of  the  above  will  be  done  taking  Into  account  pertinent  cost  elements. 
11.  THE  MODEL 

This  section  of  the  paper  is  organized  in  the  following  fashion.  First 
a  conceptual  description  of  the  model  is  presented.  Secondly,  variables 
used  and  the  equations  involved  are  defined.  Next,  the  cost  and  performance 
measures  are  presented.  Finally,  a  mathematical  description  of  the  model  is 
given. 


Conceptual  Model 


The  model  considered  In  this  paper  Is  a  deterministic  multiperiod 
linear  programming  model.  The  objective  of  this  model  Is  to  minimize  cost 
while  meeting  the  manpower  and  second  tour  performance  requirements  for  a 
MOS.  The  total  manpower  requirements  and  the  required  quality  distributions 
are  taken  as  given  in  this  paper.  For  various  Incentive  programs,  which  are 
composed  of  different  levels  of  the  enlistment  bonus,  ACF,  and  reenlistment 
bonus,  an  accession  policy  will  be  determined  which  satisfies  the  above.  To 
summarize,  the  purpose  of  this  model  is  to  determine  an  accession  policy 
which  meets  the  manpower  and  performance  requirements  for  the  least  cost. 

The  number  of  high  quality  Individuals  who  enlist  in  the  Army  is 
Influenced  by  economic  conditions,  the  number  of  recruiters,  the  number  of 
high  quality  individuals  available.  Army  and  civilian  pay,  and  other 
factors.  (Army  pay  includes  enlistment  bonuses  and  the  Army  College  Fund.) 
Fernandez  (1982)  and  Daula  and  Smith  (1986)  and  Pol ich,  Dertouzos,  and 
Press  (1986)  have  demonstrated  that  such  Incentives  increase  the  supply  of 
enlistments  in  the  Army.  Their  supply  equations  include  the  factors 
influencing  enlistment  noted  above.  The  supply  equation  is  exgoneous  for 
the  analysis  considered  here.  The  model,  however,  is  estimated  for  various 
enlistment  bonus  and  AFC  levels. 

Recruiting  costs  are  also  taken  Into  account  in  this  model.  These 
costs  include  the  cost  of  recruiters,  marginal  cost  of  a  high  quality 
recruit,  and  enlistment  bonus  and  ACF  cost.  The  marginal  cost  of  low 
quality  is  assumed  to  be  zero.  The  sum  of  these  cost  elements  determines 
the  cost  of  obtaining  another  enlistee. 

Every  nonprior  service  individual  who  Joins  the  Army  is  required  to  go 
through  both  basic  and  advance  individual  training  (AIT).  Basic  training 
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normally  lasts  eight  weeks.  Everyone  must  go  through  the  same  basic  course. 
After  basic  training  enlistees  enter  AIT.  The  time  spent  In  AIT  varies  from 
six  weeks  to  over  a  year  depending  on  the  Military  Occupational  Specialty 
(MOS).  The  time  spent  in  basic  training  and  AIT  is  assumed  to  be 
nonproductive. 

Individuals  attrlte,  or  leave  the  Army  before  completing  their  military 
service  obligation,  during  both  basic  training  and  AIT.  Attrition  rates 
vary  by  race,  gender,  high  school  status,  AFQT  category,  and  the  amount  of 
time  spent  In  the  Delayed  Entry  Program  (DEP).  Most  studies  have  found 
that  the  largest  and  most  significant  factor  influencing  attrition  is  high 
school  status.  The  attrition  equations  used  in  this  analysis  are  also 
assumed  to  be  exogenous. 

Substantial  costs  are  Incurred  during  training.  The  marginal  cost  of 
each  trainee  is  taken  into  account  in  this  analysis.  The  AIT  costs  differ 
for  each  MOS.  The  costs  of  training  in  the  technical  MOS  can  be  very 
expensive.  When  an  individual  attrites  from  training,  the  Army  incurs  costs 
for  that  Individual.  Also,  that  individual  does  not  contribute  any 
productive  time  to  the  Army.  Trainees  receive  pay  and  allowances  which  are 
also  costs  to  the  Army  during  training. 

Upon  the  completion  of  training,  an  individual  is  assigned  to  a  Job. 

In  most  instances  it  Is  the  job  for  which  he  or  she  was  trained. 
Nevertheless,  there  Is  a  period  of  approximately  one  year  during  which  on- 
the-job  training  occurs.  The  Army,  In  addition  to  pay  and  allowances, 
incurs  on-the-job  training  costs  during  this  period. 

Prior  to  an  individual's  expiration  of  term  of  service  (ETS)  he  or  she, 
if  eligible,  is  given  the  option  to  reenllst.  To  Induce  high  quality 
eligible  Individuals  to  reenlist  in  certain  MOS  the  Army  offers  selective 


reenlistment  bonuses.  This  reenlistment  decision  is  modeled  by  most 


researchers  using  logistic  regression  models.  The  Independent  variables 
employed  in  these  models  are  gender,  race,  education  status,  other 
demographic  factors,  AFQT  category,  the  ACF,  military  and  civilian  pay,  and 
reenlistment  bonuses.  The  reenlistment  equation  used  In  this  analysis  Is 
assumed  to  be  exogeneous  to  the  model.  The  analysis  Is  conducted  for 
different  reenlistment  bonus  levels,  however. 

If  an  individual  reenlists,  he  or  she  enters  their  second  tour  of  duty. 
During  this  career  phase  Individual  receives  pay  and  allowances  as  he 
received  during  other  career  phases.  An  examination  of  performance  during 
this  career  stage  Is  conducted  here. 

Second  Tour  Performance  Measures 

Currently  the  Skill  Qualification  Tests  (SQTs),  which  were  designed  to 
determine  the  Army's  training  needs,  are  the  Army's  best  measure  of  job 
proficiency.  The  SQTs  are  designed  to  assess  performance  on  critical  tasks 
of  MOS.  These  tests  are  criterion  referenced  tests.  The  contents  of  the 
tests  are  based  on  Job  requirements  as  specified  by  experts.  The  meanings 
of  the  resulting  test  scores  are  also  specified  by  experts.  Although  the 
SQTs  are  not  the  ideal  measures  of  Job  proficiency  they  are  best  the  Army 
has  at  this  point  in  time.  The  U.  S.  Army  Research  Institute  is  currently 
developing  improved  measures  and  predictor  of  second  tour  Job  proficiency 
under  a  project  referred  to  as  Project  A. 

Maier  and  Grafton  [1981]  established  relationships  between  the  aptitude 
area  composites  of  the  ASVAB  and  SQTs.  They  showed  that  the  ASVAB  had 
validity  coefficients  ranging  from  .52  to  .75  in  predicting  performance  on 
the  SQT.  If  the  SQTs  are  reliable  measures  of  Job  proficiency  then  the 


ASVAB  composites  are  good  predictors  of  Job  proficiency. 


In  this  report  the  concern  Is  with  predicting  the  probability  of 
obtaining  a  score  of  at  least  a  certain  amount.  Horne  and  Grafton  [1986] 
estimated  a  logistic  model  which  accommodates  the  goal  of  this  effort.  In 
their  model  the  following  factors  are  considered:  (a)  ASVAB  aptitude  area 
composites,  (b)  high  school  status,  (c)  time  in  the  service,  (d)  whether  the 
Individual  has  a  GED  or  not,  (e)  years  of  education  completed,  and  (f)  if 
the  individual  is  working  in  his  or  her  training  MOS.  The  aptitude  area 
composites  were  significant  determinants  of  probability  of  obtaining  a  given 
score  for  a  MOS.  In  the  case  of  MOS  19E  and  19D,  which  are  the  MOS  to  be 
examined  in  this  report,  this  was  the  oniy  significant  variable. 

Mathematical  Description: 

A  mathematical  description  of  the  model  is  now  presented.  First  the 
variables  and  parameters  used  in  the  model  are  defined.  Next,  the  model  is 
descr ibed. 

In  this  model  four  career  stages  will  be  considered.  The  variable  k 
represents  the  career  stages.  Enlistment,  first  tour,  eligibility  for 
second  tour,  and  the  second  tour  are  represented  by  the  indicles  1,2,3,  and 
4  respect i vely. 

The  index  I  is  used  to  represent  the  categories  of  individuals 
considered  In  this  analysis.  It  indicates  the  race,  AFQT  category,  term  of 
enlistment,  and  educational  status  of  a  group.  (Gender  is  not  a  factor 
since  the  model  is  applied  to  a  combat  MOS.) 

The  variables  are  defined  as  follows: 

Let  CE|  -  the  marginal  cost  of  an  Individual  in  the  l**^  group  enlisting. 

Let  EB|  -  the  enlistment  bonus  for  the  I**'  group. 

Let  ACF I  ■  the  cost  of  educational  benefit  of  the  i^*^  group. 


Let  LL  -  A  large  number  which  Indicates  that  the  supply  of  low  quality  (for 
all  practical  purposes  uni im I  ted) . 

Let  TR  -  the  total  requirement  for  the  career  stage. 

The  decision  variables  for  the  model  are  now  defined.  Let  the  variable 
X|(k)  represent  the  number  of  individuals  of  the  l'*^  group  during  the  k^*^ 
career  stage. 

Several  parameters  employed  In  this  model  are  estimated  externally.  In 
this  report  these  parameters  are  estimated  from  models  developed  by  other 
researchers.  Parameters  for  a  enlistment  supply  model,  attrition  rates, 
and  reenlistment  rate  model  models  are  determined.  Descriptions  of  these 
models  are  presented  In  the  appendix.  These  parameters  are  represented  by 
the  fol lowing: 

Let  S|  -  the  supply  of  individuals  in  the  i'*^  group. 

Let  ai(k)  -  the  attrition  rate  for  the  l^*’  group  during  the  k'*’  career  stage 
for  the  MOS  under  consideration. 

Let  r|(k)  -  the  reenlistment  rate  for  individuals  in  the  i^^  group  during 
the  k^*^  career  stage  for  the  MOS  under  consideration. 

As  noted  earlier,  the  measures  of  performance  considered  in  this  paper 
are  the  SQTs.  The  probability  of  obtaining  a  score  of  80  or  more  on  the 
skill  level  two  SOT  was  estimated  using  the  model  developed  by  Horne  and 
Grafton  [1986].  In  their  model  the  following  factors  were  taken  into 
account : 

(a)  ASVAB  composites,  (b)  years  of  education  completed,  (c)  whether  a  GED 
was  received  or  not,  (d)  high  school  completion  status,  (e)  the  amount  of 
time  spent  In  the  service,  (f)  gender,  and  (g)  whether  the  Individual  is 
serving  in  his  or  her  training  MOS. 


Their  model  formulation  is  a  logistic  regression  model.  It  has  the 
following  format: 

PSQT I  -  1/[1+exp-(a|®  +  a|^*composite  +  a|2*ED-Yrs  +  a|3*GED  + 
a|4*HSDG  +  a|5*SER-TIME  +a|®*GENDER  +  a|‘7*TRM0S)] 

This  equation  is  used  in  estimating  the  performance  term  In  the  constraint 
set  of  the  mode  I . 

The  cost  terms  of  the  objective  function  are  now  presented.  There  are 
several  component  to  the  total  cost  function.  They  are  enumerated  below. 

1.  Cost  of  enlistment 

Cl  -  SUM|  X|(1)*[CE|  +  EB|  +  ACF|] 

2.  Cost  during  second  tour 
C2  -  SUM|[SUM|[SRB|*X|(4)] 

The  total  cost  through  the  second  tour  C  «  Cl  +  C2. 

The  model  is  depicted  as  follows: 

MINIMIZE  C 
Subject  to 

SUMjj.  X|(1)  -  S|  (Supply), 

SUM|<  X|(1)  <-  LL, 

X|(k)  -  X|(k-1)  -  a|(k-1)*X|(k-1)  for  k-2,3 
(Transit  Ion) , 

X|(k)  -  Xi(k-l)  -  (1-r |(k-1))*X|(k-l)  for  k>3 
SUM|j.  X|(k)  ->  R(k)  (Requirements), 

SUM|X|(k)  -  TR(k),  and 
X|(k)  ->  0. 

The  model  above  is  a  linear  programming  (LP)  problem.  A  solution  to  it  can 
be  obtained  using  a  LP  code. 


III.  IMPLEMENTATION 


Before  the  model  developed  In  this  paper  can  be  estimated  crucial  data 
elements  and  econometric  models  must  be  identified.  Cost  data,  AFQT 
distribution  data,  and  total  manpower  requirements  are  needed.  The  primary 
source  for  the  cost  data  will  be  the  Army  Manpower  Cost  system.  The  bonus 
and  ACF  cost  are  determined  from  other  sources. 

The  source  for  the  manpower  requirements  data  is  the  FY81  cohort  data 
files.  The  MOS  which  will  be  examined  in  this  analysis  is  19A,  The 
manpower  and  AFQT  distributional  requirements  for  this  MOS  are  assumed  to  be 
the  levels  actually  obtained  In  the  MOS.  It  is  assumed  that  the  portion  of 
the  level  achieved  in  this  MOS  by  this  cohort  is  the  requirement  for  this 
cohort  in  this  MOS. 

A  review  of  the  literature  will  be  conducted  to  identify  possible 
supply,  attrition,  and  reenlistment  models  to  be  used  In  this  analysis. 
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A  mCRODATA  ANALYSIS  OF  LOSSES  FROM  THE  DELAYED  ENTRY  PROGRAM 


I.  INTRODDCTION 

The  Delayed  Entry  Program  (DEP) ,  an  important  management 
tool  for  the  U.  S.  Army  Recruiting  Command  (USAREC) ,  permits 
individuals  to  report  for  active  duty  up  to  twelve  months  after 
signing  an  enlistment  contract.  The  vast  majority  of  recruits 
enter  the  Army  through  this  program. 

One  of  the  negative  aspects  of  DEP  is  DEP  loss,  individuals 
abrogating  their  enlistment  contracts.  Recently,  this  has  become 
an  acute  problem. 

This  report  examines  the  DEP  loss  problem.  The  behavior  of 
individuals  in  the  Army's  prime  recruiting  market,  high  school 
graduate  and  high  school  senior  males  scoring  in  or  above  the 
fiftieth  percentile  on  the  Armed  Forces  Qualification  Test 
(AFQT) ,  referred  to  as  GSMA  is  examined.  This  group  is  of 
particular  interest  to  the  Army  since  it  is  supply  constrained. 

Two  previous  studies  are  relevant  to  the  present  research. 
Phillips  and  Schmitz  (1985)  estimated  a  microdata-level  models 
of  DEP  loss  using  data  from  the  first  six  months  of  the  FY82  and 
the  Fy83  USAREC  Minimaster  contract  files.  They  found  the 
following  factors  statistically  significant  at  the  .10  level  in 
at  least  one  of  their  models:  race,  age,  a  four  year  enlistment 
term,  enlistment  bonus.  Army  College  Fund  (ACF) ,  AFQT,  sex, 
education  level,  and  days  in  DEP.  The  following  factors  are 
negatively  correlated  with  DEP  loss:  non-white,  age,  ACF,  and 
AFQT.  They  also  found  that  contracted  days  in  the  DEP  and  being  a 


female  recruit  are  positively  correlated  with  DEP  loss. 

Quester  et  al.  (1986)  developed  a  microdata-level  model  for 
the  Navy.  Their  model  included  all  of  the  factors  noted  above 
except  term  of  enlistment  and  ACF  which  is  not  available  in  the 
Navy.  Other  factors  considered  in  this  model  were  the  program 
enlisted  for,  month  of  enlistment,  average  number  of  recruits  in 
the  DEP  per  recruiter,  and  recruiting  area.  They  found  the 
following:  (a)  female  recruits  and  younger  male  recruits  are  more 
likely  to  be  DEP  losses,  (b)  Navy  enlistment  incentive  programs 
do  not  make  a  difference,  (c)  there  are  differences  between 
regions  of  the  country,  (d)  DEP  loss  appears  higher  when  the  DEP 
pool  is  largest,  (e)  the  average  monthly  DEP  size  per  recruiter 
is  positively  correlated  to  the  probability  of  being  a  DEP  loss. 

This  research  builds  upon  the  studies  noted  above.  Using 
individual  level  data  on  GSMAs,  an  empirical  analysis  is 
conducted  to  identify  those  individual  characteristics, 
enlistment  policies,  and  environmental  conditions  which  explain 
DEP  loss.  If  individuals  who  have  a  high  probability  of  becoming 
DEP  losses  can  be  identified  then  the  recruiter's  awareness  of 
this  potential  problem  may  reduce  the  realization  of  DEP  losses. 

Section  II  develops  a  theory  for  explaining  DEP  loss. 

Results  are  reported  in  Section  III,  while  summary  remarks  are 
presented  in  Section  IV. 

II.  MODEL  DEVELOPMENT 

In  this  research  effort  it  is  assumed  that  individuals 
attempt  to  maximize  the  value  of  their  job  choice.  When  someone 
signs  an  enlistment  contract  they  have  judged  that  the  value  of 


the  Army  job  is  greater  than  all  other  alternatives.  While  in 
the  DEP  an  individual  may  continue  to  evaluate  his  choice.  The 
value  of  the  job  choice  may  change  as  additional  information  is 
obtained  and  information  is  reevaluated.  Additional  information 
may  come  in  the  form  of  job  offers  from  the  civilian  sector  or 
other  military  services,  changes  in  the  perception  of  Army  life 
or  the  MOS  assigxment,  or  the  acquisition  knowledge  of 
educational  opportunities . 

If  after  a  reevaluation,  the  value  of  the  Army  job  is  less 
than  other  alternatives  then  the  individual  becomes  a  DEP  loss. 
Those  individuals  failing  to  fulfill  their  DEP  contract  exhibit 
quit  behavior.  The  Army  is  passive  in  the  DEP  loss  decision. 
While  the  Army  is  obliged  to  comply  with  an  enlistment  contract 
if  the  individual  complies  with  the  stipulation  of  that 
contract,  the  individual  may  abrogate  it  with  impunity.  The  Army 
does  not  force  individuals  to  comply  with  their  enlistment 
contract . 

To  explore  hypotheses  on  the  effect  of  various  factors  such 
as  individual  characteristics.  Army  enlistment  policies,  and 
environmental  factors  of  the  individual  on  DEP  loss,  a  microdata- 
level  model  is  developed.  If  individual  characteristics  and 
environmental  conditions  can  be  identified  for  which  DEP  loss  is 
more  likely,  then  intervention  programs  may  be  designed  to  reduce 
this  likelihood.  If  Army  policies  can  be  identified  which 
influence  DEP  loss  then  it  may  be  possible  to  change  these 
policies  to  reduce  probability  of  DEP  loss. 

The  individual  characteristics  examined  are  age,  AFQT  score. 


educational  status,  and  whether  the  individual  has  dependents  or 
not.  The  enlistment  policies  examined  are  ACF  participation, 
whether  he  contracted  for  an  enlistment  bonus,  term  of 
enlistment,  and  contracted  DEP  length.  Brigade  dummies  are  used 
as  surrogates  of  the  environmental  factors  of  the  community  from 
which  the  recruit  enlisted. 

The  factors  above  are  presumed  to  influence  the  probability 
that  a  recruit  becomes  a  DEP  loss.  The  following  specific 
hypotheses  are  proposed; 

(a)  Age  is  negatively  related  to  DEP  loss.  Other 
researchers  have  found  that  job  turnover  is  greatest  among 
younger  individuals. 

(b)  AFQT  is  positively  related  to  DEP  loss.  Since  AFQT  is 
a  measure  of  mental  ability  then  individuals  with  high  AFQT 
scores  should  have  more  job  options  and  educational  opportunities 
than  those  with  lower  scores.  Thus  the  higher  the  AFQT  score  the 
more  likely  an  individual  is  to  be  a  DEP  loss. 

(c)  Contracted  DEP  length  is  positively  correlated  with  DEP 
loss.  The  longer  an  individual  is  in  the  DEP  the  more 
opportunities  he  has  to  reevaluate  his  job  choice. 

(d)  The  behavior  in  the  DEP  of  high  school  graduates  and 
high  school  seniors  is  different.  Seniors  have  less  job  market 
experience  than  high  school  graduates. 

(e)  Participation  in  the  ACF  or  the  enlistment  for  bonus 
program  increases  the  value  of  Army  job  to  the  individual.  Hence 
participating  in  these  programs  should  be  negatively  related  to 
the  probability  of  DEP  loss. 


(f)  Those  individuals  with  dependents  are  more  risk  averse 
than  those  without  dependents.  The  more  risk  averse  an 
individual  the  less  likely  he  is  to  change  jobs.  This  implies 
that  individuals  with  no  dependents  are  more  likely  to  be  DEP 
losses  than  those  without  dependents. 

(g)  As  terms  of  enlistment  increase  holding  other  factors 
constant  the  probability  of  becoming  a  DEP  loss  increases. 

(h)  Labor  market  conditions  are  not  the  same  in  different 
regions  of  the  country.  Brigade  dummies  are  included  to  capture 
the  different  local  labor  market  conditions. 

It  is  also  hypothesized  that  the  impacts  of  certain  factors 
on  the  probability  of  becoming  a  DEP  loss  are  not  linear  and  that 
some  factors  interact.  As  a  result  squares  of  age  and  DEP  length 
are  factors  in  the  model.  If  these  factors  are  statistically 
significant  this  implies  that  the  marginal  DEP  loss  rates  with 
respect  to  these  factors  are  not  constant.  The  interaction  of 
educational  status  with  DEP  length  and  DEP  length  squared  is  also 
considered  here.  This  is  included  to  investigate  whether  the 
impact  of  DEP  length  on  DEP  loss  is  different  for  individuals  of 
different  educational  levels. 

A  logistic  regression  (logit)  model  is  specified  here.  Let 
T  be  the  random  variable  with  the  logistic  distribution, 
F(t)=eV(i+e^)  •  Suppose  that  Y*1  indicates  a  DEP  loss  if  and 
only  if  t  <  Ei^iXi.  Then 

P(Y=*1)  =  P(T^S/9iXi)  =  e^^i^i/(l+e2^i^i) 
which  is  equivalent  to 

P(Y=1)  =  P(T<E/3iXi)  =  l/(l+e"(2^iXi) ) , 


where  P(i)  is  the  probability  that  the  i^^  individual  becomes  a 
DEP  loss;  /5i  are  logistic  regression  coefficients;  and  are  the 
factors  associated  with  the  i^*'  individual.  (A  graph  of  the 
logistic  distribution  is  provided  in  Appendix  A.) 

Care  must  be  taken  in  the  interpretation  of  the 
coefficients  of  a  logistic  regression  model.  The  estimated 
coefficients  do  not  indicate  the  increase  in  the  probability  of  a 
DEP  loss  given  a  one  unit  increase  in  the  factor  associated  with 
that  coefficient.  Rather  the  coefficients  indicate  the  increase 
of  log(P(i)/{l-P(i) ) ) ,  the  log  odds  of  a  DEP  loss,  for  an 
increase  in  a  factor. 

Models  are  estimated  using  FY86  and  FY87  USAREC  Minimaster 
contract  files.  After  eliminating  open  records  and  those  with 
invalid  information  for  the  factors  being  analyzed,  there  are 
87,997  and  73,233  remaining  in  the  FY86  and  FY87  files, 
respectively . 

III.  RESULTS 

The  variables  in  the  model  are  age,  age  squared,  DEP 
length  (in  months) ,  DEP  length  squared,  AFQT,  education  (high 
school  degree  graduates  -  HSG,  high  school  seniors  -SEN) ,  ACF 
participation  (ACF-YES,  ACF-NO) ,  bonus  participation  (BONUS-YES, 
BONUS -NO ) ,  dependent  status  (Dependent-yes,  Dependent-no),  Term 
of  enlistment  (TERM_2,  TERM_3,  TERM_4) ,  the  interaction  of  DEP 
length  and  education,  the  interaction  of  DEP  length  squared  and 
education,  and  dummies  for  each  brigade  (BDE_1,  BDE_2,  BDE_4, 
BDE_5,  AND  BDE_6) .  The  omitted  categories  are  no  ACF,  no  Bonus, 
dependents,  four-year  term  of  enlistment,  and  brigade  1. 


The  means  for  the  variables  in  the  model  for  FY86  and  FY87 
are  reported  in  Table  1.  A  comparison  of  means  for  the  fiscal 
years  finds  that  the  differences  are  very  small  for  the  majority 
of  the  variables.  For  example,  there  was  only  a  two  percent 
increase  in  the  DEP  length  between  FY86  and  FYS?.  Note  however, 
that  there  were  substantial  changes  in  participation  for  the 
Army's  enlistment  incentive  programs:  ACF  and  the  bonus  program. 
Participation  in  the  ACF  decreased  by  20  percent  between  FY86  and 
FY87.  The  decrease  in  enlistment  bonus  participation  was  even 
greater:  a  43  percent  decrease  occurred.  DEP  loss  rates  are  also 
reported  for  each  fiscal  year  in  Table  1.  Note  that  a  20  percent 
increase  in  the  DEP  loss  rate  occurred. 

The  results  from  the  estimation  of  the  two  logistic 
regression  models  for  1986  and  1987  are  reported  in  Tables  2  and 
3.  The  coefficients  and  their  standard  errors  are  reported  for 
both  tables.  The  *  (**)  in  the  final  column  indicates  that  the 
factor  is  statistically  significant  at  the  .01  (.05)  level. 
Observe  that  the  signs  of  the  estimated  coefficients  are 
consistent  across  models  except  for  the  coefficients  of  ACF  and 
bonus.  Also,  the  magnitudes  of  the  coefficients  are 
approximately  the  same  in  both  models  except  for  the  intercept 
term  and  dependent  status. 

The  model  results  determined  that  some  individual 
characteristics,  environment  factors,  and  enlistment  incentives 
impact  the  probability  of  DEP  loss.  As  an  individual  grows  older 
or  the  contracted  DEP  length  increases  the  likelihood  of  them 
becoming  a  DEP  loss  increases.  These  rates  are  increasing  at 


decreasing  rates  since  the  sign  of  their  square  terns  are 
negative.  The  education  level  of  an  individual  or  whether  he  has 
dependents  affeCts  his  probability  of  being  a  DEP  loss.  The 
probability  of  DEP  loss  decreases  as  AFQT  increases.  Note  that 
the  coefficients  for  age  and  AFQT  do  not  have  the  expected  sign. 

Other  variables  such  as  term  of  enlistments  and  the  brigade 
dummies  are  not  statistically  significant  in  all  instances.  The 
brigade  dummy  for  the  third  brigade  in  the  FY86  model  is  not 
significant.  Also,  the  two-year  term  of  enlistment  in  the  FY87 
model  is  not  significant.  However,  the  signs  of  the  coefficients 
for  these  variables  are  consistent  across  models. 

The  results  of  the  models  are  inconsistent  for  the  ACF  and 
enlistment  bonus  program.  ACF  participation  is  statistically 
significant  in  the  FY86  model  and  bonus  program  participation  is 
not.  The  reverse  is  true  for  the  FY87  model.  In  addition,  the 
signs  are  negative  in  the  FY86  model  and  positive  in  the  other 
model . 

An  F-test  of  the  chi-square  summary  statistics  for  each 
model  indicates  that  at  least  one  of  the  factors  affects  the 
probability  of  being  a  DEP  loss  in  each  instance.  A  pseudo-R^  is 
reported  in  both  tables.  As  expected,  they  are  small:  R^=.35  for 
the  FY86  model  and  r2*,31  for  the  FY87  model.  The  percent  of 
correct  predictions  for  the  model  data  is  also  provided  in  each 
table.  They  are,  respectively,  73  and  72  percent.  These 
statistics  indicate  that  the  explanatory  power  of  each  model  is 
statistically  significant.  The  effect  of  several  of  the 

factors  on  the  probability  of  DEP  loss  for  high  school  graduates 


and  high  school  seniors  is  examined  in  more  detail.  These 
factors  are  time  in  the  DEP,  age,  AFQT  score,  brigade 
differences,  and  dependent  status.  While  these  factors  are 
varied  the  others  are  held  at  their  mean  values. 

The  DEP  loss  probabilities  for  high  school  seniors  and  high 
school  graduates  for  various  DEP  length  are  reported  in  Figures  1 
and  2  for  FY86  and  FY87,  respectively.  As  DEP  length  increases 
the  probability  of  being  a  DEP  loss  increases.  In  both  instances 
the  DEP  loss  probabilities  for  seniors  exceed  those  of  the  high 
school  graduates  during  the  first  three  months.  After  this 
point,  however,  the  graduate  probabilities  exceed  those  of  the 
seniors.  The  differences  between  these  two . increases  rapidly 
after  the  fourth  month.  The  high  school  graduate  probability  is 
approximately  double  that  seniors  for  a  DEP  length  of  eleven 
months  in  both  models.  This  indicates  that  for  the  average 
individual  in  both  FY86  and  Fy87  that  for  a  DEP  length  of  eleven 
months  a  high  school  graduate  is  twice  as  likely  than  a  senior  to 
be  a  DEP  loss. 

Figures  3  and  4  present  DEP  loss  rates  for  the  FY86  and  the 
FY87  models  for  seniors  and  graduates  where  age  is  allowed  to 
vary  from  17  to  35  years  for  graduates  and  from  17  to  21  years 
for  seniors  while  holding  all  other  factors  at  their  means. 

These  figures  indicate  that  older  individuals  are  more  likely  to 
become  DEP  losses.  The  graduate  DEP  loss  probabilities  exceed 
the  seniors'  in  all  instances.  Note,  however  that  the 
differences  are  very  small. 

In  figures  5  and  6  the  DEP  loss  probabilities  for  both 


models  are  presented  for  seniors  and  graduates  for  various  AFQT 
levels  while  holding  the  other  factors,  as  before,  at  their 
means.  These  figures  indicate  that  the  higher  an  individual's 
AFQT  score  the  less  likely  he  is  to  be  a  DEP  loss.  The  graduate 
probabilities  exceed  the  seniors'  in  all  cases.  The  differences 
between  the  two  are  approximately  the  same  for  all  AFQT  levels. 
There  is  a  decline  of  approximately  19  percent  in  the  DEP  loss 
probability  if  AFQT  scores  are  increased  from  the  50^^  to  the 
90^^  percentile.  The  range  of  the  DEP  loss  probabilities  is 
very  small  for  this  situation. 

The  DEP  loss  probabilities  for  each  brigade  and  model  are 
presented  in  figures  7  and  8  for  graduates  dnd  seniors, 
respectively.  These  probabilities  are  estimated  for  the  average 
individual  in  each  brigade  for  each  year.  (These  averages  are 
reported  in  Appendix  B.)  The  FY87  DEP  loss  probabilities  exceed 
those  for  Fy86  in  all  brigades  for  both  graduates  and  seniors. 

The  differences,  however,  are  much  larger  for  the  graduates. 

Also,  the  results  in  the  1st  brigade  exceed  those  of  all  other 
brigades  when  comparisons  are  made  of  each  model  within 
educational  levels. 

Both  models  suggest  that  having  no  dependents  is  positively 
correlated  with  the  probability  of  being  a  DEP  loss.  In  fact  the 
coefficients  for  this  variable  are  the  largest  in  absolute  value 
in  both  models.  This  indicates  that  they  have  the  most  influence 
on  the  probability  of  DEP  loss.  But  also  note  that  the 
differences  in  the  coefficients  between  models  are  largest  for 
this  variable.  This  indicates  an  instability  in  the  estimated 


impact  of  this  factors. 

IV.  SUMMARY 

The  results  of  the  models  presented  here  indicate  that  it  is 
possible  to  identify  characteristics  of  individuals  more  likely 
to  eUsrogate  their  enlistment  contract.  Several  factors —  DEP 
length,  age,  AFQT  score —  are  found  to  affect  significantly  the 
probability  of  becoming  a  DEP  loss.  However,  the  impact  of  age 
and  AFQT  on  DEP  loss  are  not  as  hypothesized.  The  impact  of  DEP 
length  on  DEP  loss  is  consistent  with  the  findings  of  other 
researchers. 

Some  factors  are  not  significant  while  others  have 
inconsistent  signs  across  models.  The  interaction  terms,  for 
example,  are  not  statistically  significant.  The  results  for  the 
ACF  and  enlistment  bonus  participation  are  inconsistent.  ACF  and 
enlistment  bonus  participation  have  different  signs  in  each 
model.  Only  one  of  these  factors  is  statistically  significant  in 
each  model,  and  it  is  different  in  each  model. 

Although  some  factors  are  identified  which  make  it  possible 
to  differentiate  between  those  most  likely  to  be  DEP  loss  and 
those  who  are  not,  further  research  is  needed.  Factors  such  as, 
whether  or  not  an  individual  received  his  MOS  choice,  the  MOS 
contracted  for,  labor  market  condition  of  the  recruiting 
battalion  from  which  the  individuals  enlisted,  and  indicators  of 
the  recent  employment  history  of  the  recruit  needed  to  be 
investigated.  Some  of  these  factors,  MOS  choice  and  indicators 
of  recent  employment  history,  will  require  considerable  resources 
to  develop.  The  unemployment  rate  of  the  recruits'  community,  an 


indica'tor  of  labor  market  conditions,  can  be  readily  incorporated 
into  the  model.  This  will  be  the  next  extension  of  the  model  to 
be  developed. 


Table  1:  DATA  SET  CHARACTERISTICS 


N=87,997 

N=73,233 

VARIABLE 

VALUE 

FY86 

FY87 

DEP  LOSS 

RATE 

.084 

.096 

AGE 

MEAN 

20.60 

20.00 

AFQT  SCORE 

MEAN 

70.96 

70.90 

DEP  LENGTH 

MEAN 

4.84 

4.88. 

EDUCATION 

SENIOR 

35.09 

36.19 

HSDG 

64.91 

63.81 

ACF  PARTICIPANT 

YES 

50.96 

40.74 

NO 

49.04 

59.26 

BONUS 

YES 

35.25 

19.71 

NO 

64.75 

80.29 

DEPENDENTS 

YES 

11.59 

11.73 

NO 

88.41 

88.27 

TERM 

2 

18.42 

19.71 

3 

35.25 

37.98 

4 

46.33 

42.31 

BRIGADE 

1 

20.30 

19.22 

3 

18.76 

18.76 

4 

16.58 

18.41 

5 

26.51 

26.17 

6 

17.85 

17.44 

BRIGADE 


Table  2:  Results  of  FYB6  Model 


VARIABLE 

BETA 

STD.  ERROR 

INTERCEPT 

-12.62157636 

0.58935582* 

AGE 

0.42166862 

0.04873577* 

AGESQ 

-0.00593065 

0.00102466* 

DEPL 

0.34949978 

0.02479997* 

DEPLSQ 

-0.00140463 

0.00204794 

AFQT 

-0.00526302 

0.00096064* 

EDUC  SEN 

0.54712770 

0.17966037* 

ACF  YES 

-0.12023994 

0.02982727* 

BONUS  YES 

-0.02176872 

0.03803013 

DEPEND  NO 

3.03178642 

0.13719091* 

TERM  3 

-0.10834649 

0.03658906* 

TERM  2 

0.19387014 

0.04729645* 

DL  EDSEN 

-0.07074911 

0.04966312 

DLSQ  EDS 

-0.00242085 

0.00329136 

BGD3 

-0.06071777 

0.03949923 

BGD4 

-0.22860344 

0.04359430* 

BGD5 

-0.16570408 

0.03562018* 

BGD6 

-0.11592479 

.  0.04017782* 

FRACTION  OF  CONCORDANT  PAIRS  OF  PREDICTED  PROBABILITIES  AND 
RESPONSES:  0.74 
R*  0.35 

MODEL  CHI-SQUARE=  6264.53  WITH  17  D.F. 

(-2  LOG  L.R.)  P=0.0 


Table  3;  Results  of  FYS?  Model 


VARIABLE 

BETA 

STD.  ERROR 

INTERCEPT 

-10.33052362 

0.59823561* 

AGE 

0.39118793 

0.05033243* 

AGESQ 

-0.00562571 

0.00105548* 

DEPL 

0.32523460 

0.02622246* 

DEPLSQ 

-0.00101560 

0.00218182 

AFQT 

-0.00473684 

0.00097990* 

EDUC  SEN 

0.56351833 

0.17918602* 

ACF  YES 

0.05126007 

0.03541310 

BONUS  YES 

0.10656330 

0.03871964* 

DEPEND  NO 

1.35864041 

0.07067447* 

TERM  3 

-0.11841061 

0.03447298* 

TERM  2 

0.01086311 

0.04612770 

DL  EDSEN 

-0.03864572 

0.05111070 

DLSQ  EDS 

-0.00543839 

0.00346847 

BGD3 

-0.09698671 

0.04104301** 

BGD4 

-0.32158930 

0.04534624* 

BGD5 

-0.11583810 

0.03664341* 

BGD6 

-0.16836379 

0.04218739* 

FRACTION  OF  CONCORDANT  PAIRS  OF  PREDICTED  PROBABILITIES  AND 
RESPONSES:  0.72 
R=  0.32 

MODEL  CHI-SQUARE=  4614.86  WITH  17  D.F. 

(-2  LOG  L.R.)  P=0.0 


FIGURE  1:  DEP  LOSS  PROBABILITIES 

GSMA  CONTRACTS  (FY86) 
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FIGURE  2:  DEP  LOSS  PROBABILITIES 

GSMA  (FY87) 
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FIGURE  3:  DEP  LOSS  PROBABILITIES 

GSMA  CONTRACTS  (FY86) 
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FIGURE  4:  DEP  LOSS  PROBABILITIES 

GSMA  CONTRACTS  (FY87) 
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FIGURE  5:  DEP  LOSS  PROBABILITIES 

GSMA  CONTRACTS  (FYB6) 
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FIGURE  6:  DEP  LOSS  PROBAIBLITIES 

GSMA  CONTRACTS  (FY87) 
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FIGURE  7:  DEP  LOSS  PROBABILITIES 

HIGH  SCHOOL  GRADUATES  (FY86  AND  FY87) 
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FIGURE  8:  DEP  LOSS  PROBABILITIES 

HIGH  SCHOOL  SENIORS  (FY86  AND  FYflT) 
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APPENDIX  A 

LOGISTIC  DISTRIBUTION 


APPENDIX  B 


MEANS  OF  FACTORS  FOR  FY86  AND  FY87 
BY  BR  I  GADE 


VARIABLE 


DEP  LOSS 
AGE 

AFQT  SCORE 
DEP  LENGTH 
SENIORS 
AC  F  YES 
BONUS  YES 
NO  DEPENDENTS 
TERM  2 
TERM  3 


DEP  LOSS 
AGE 

AFQT  SCORE 
DEP  LENGTH 
SENIORS 
A  C  F  YES 
BONUS  YES 
NO  DEPENDENTS 
TERM  2 
TERM  3 


DEP  LOSS 
AGE 

AFQT  SCORE 
DEP  LENGTH 
SENIORS 
AC  F  YES 
BONUS  YES 
NO  DEPENDENTS 
TERM  2 
TERM  3 


VAR  I  ABLE 

DEP  LOSS 
AGE 

AFQT  SCORE 
DEP  LENGTH 
SENIORS 
AC  F  YES 
BONUS  YES 
NO  DEPENDENTS 
TERM  2 
TERM  3 


DEP  LOSS 
AGE 

AFQT  SCORE 
DEP  LENGTH 
SENIORS 
AC  F  YES 
BONUS  YES 
NO  DEPENDENTS 
TERM  2 
TERM  3 


F  Y86 

BRIGADE  1 

0.10000560 
1 9 .88908165 
71.42738821 
5.09871845 
0 .37903632 
0 .48816386 
0.30219934 
0.92982260 
0 . 19760479 
0.36504561 

BRIGADE  3 

0.08214697 
20.00720906 
69 . 53868056 
4 . 6761 9798 
0.35009390 
0  .  5  0  5  78  5  4  2 
0.37741564 
0 . 86799540 
0.18010541 
0 .3  24  5  895  7 

BRIGADE  4 

0 . 06573896 
20  .  5  4  764  1  90 
70 .6981  7658 
4  .  294  1  4  5  87 
0  .  270  70  1  95 
0  .  5  0  2  05  64  8 
0 . 394  0  2248 
0.82197697 
0  .  1  639703  9 
0.34480395 

BRIGADE  5 

F  Y86 

0  .  08668067 
19.81489261 
71  ,  384  1  8999 
5.21151455 
0.38620483 
0.51313928 
0  .  33  0  1  3  246 
0 . 8938  1  404 
0  .  20992  84  1 
0.34209285 

BRIGADE  6 

0.08137018 
2  0  .  2  1  1  5  75  1  9 
71  .  53673755 
4 .64707755 
0 .34273526 
0  .  53998472 
0.36903094 
0 .89207946 
0  .  1  53635  5  5 
0.39036037 


F  Y87 


0.11553757 
1 9 .71566539 
71.22518108 
5 . 29654879 
0.41989774 
0.40164749 
0.17419401 
0.93168584 
0.21389007 
0.37494674 


0 . 09296738 
1 9.95457193 
69.47240827 
4.70529994 
0.35760047 
0 .37936808 
0 . 2 1665696 
0.86517181 
0 . 19867501 
0.35439720 


0.06639958 
20 .64908376 
70.48401217 
4 . 02396320 
0.25016693 
0.37510201 
0.23102604 
0.81126196 
0.16062022 
0.39045923 


F  Y87 

0.10593331 
19.65897824 
71.40374680 
5.42013255 
0.41517508 
0.43140427 
0 . 1 8196525 
0.90283359 
0.22449512 
0.36826175 


0.09089486 
20.20355437 
71 .78478040 
4 .69842637 
0 .34024896 
0 .4421 8273 
0.18860096 
0.89250763 
0.17411728 
0.41846082 
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INTRODUCTION 


The  contemplated  force  reductions  will  impact  the  Army's 
recruiting  missions.  Unquestionably  this  will  result  in  fewer 
recruiting  resources.  The  Army  will  come  under  pressure  to 
reduce  all  of  its  enlistment  incentives  programs.  In  such  an 
environment,  the  necessity  for  efficient  allocation  and 
management  of  scarce  recruiting  resources  becomes  an  imperative 
for  the  Army. 

The  objectives  of  this  research  effort  are  twofold.  First, 
to  determine  the  impact  of  the  Army  College  Fund  (ACF)  and  the 
enlistment  bonus  program  on  enlistments  at  the  military 
occupational  specialty  level.  These  programs  are  used  to  both 
entice  certain  individuals  to  enlist  and  to  channel  them  into 
specific  Army  jobs.  Such  programs  also  have  an  impact  on  term  of 
enlistment.  Estimates  of  these  impacts  are  both  valuable  in 
themselves  and  also  essential  to  accomplishing  the  second 
objective. 

The  second  and  primary  objective  of  this  effort  is  to 
develop  of  a  methodology  which  can  be  used  to  assist  Army 
decision  makers  in  their  planning  for  the  ACF  and  enlistment 
bonus  programs.  The  methodology  will  enable  Army  decision  makers 
to  perform  cost-effectiveness  analysis  and  to  examine  tradeoffs. 
It  will  assist  them  in  answering  questions  such  as: 

o  How  much  should  be  paid  for  the  enlistment  bonus? 

o  How  large  should  the  Army  College  Fund  (ACF)  be? 

o  How  should  the  budget  be  allocated  between  the  ACF  and 
the  enlistment  bonus  programs? 

o  Which  MOS  should  receive  the  ACF  or  the  bonus? 

Our  approach  is  to  combine  estimates  of  market  expansion, 
skill  channeling,  and  term  of  enlistment  effects  of  the  ACF  and 
enlistment  bonuses  along  with  the  costs  of  programs.  We  then  use 
a  mathematical  program  to  select  a  set  of  recruiting  ^ incentives 
so  as  to  minimize  cost  or  optimize  some  other  objective  at  the 
skill  level  of  detail.  In  section  2  of  this  paper  we  describe 
the  ACF  and  the  enlistment  bonus  programs.  In  section  3  we 
present  the  methodology  for  estimating  the  impact  of  the 
programs.  Some  preliminary  results  are  also  presented  in  this 
section. 
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BACKGROUND 

The  Aray  uses  incentives  to  entice  high  quality  recruits  to 
enlist  and  to  channel  them  into  hard-to-fill  military 
occupational  specialties  (MOS) .  Such  recruiting  incentives  can 
also  shift  high  quality  recruit's  terms  of  enlistment.  The  major 
economic  incentives,  the  ACF  and  enlistment  bonuses  are  available 
to  high  school  diplomas  graduate  scoring  in  fiftieth  percentile 
on  the  Armed  Forces  Qualification  Test  (AFQT) .  The  Army  regards 
these  individuals  as  high  quality  recruits.  The  justification 
for  attempting  to  recruit  as  many  high  quality  individuals  is  the 
hypothesis  that  they  are  more  productive  and  more  difficult  to 
recruit  than  other  individuals. 

The  Army  has  used  educational  benefits  since  1979  to  induce 
high  quality  individuals  to  enlist.  The  current  educational 
benefit  program,  the  Army  College  Fund,  is  a  contributory  program 
which  has  been  an  important  tool  since  fiscal  year  1982  (Fy82) . 
The  current  version  of  the  ACF  is  based  on  the  New  GI  Bill,  which 
replaced  the  Veteran's  Educational  Assistance  Program  in  FY85, 
This  program  allows  the  participating  recruit  to  contribute 
$1,200  over  the  first  year  of  service.  This  entitles  the 
enlistee  to  $10,800  of  educational  benefits  for  those  enlisting 
for  three  or  four  years,  and  $9,000  for  those  enlisting  for  two 
years.  Individuals  who  enlist  in  program-eligible  MOS  also 
receive  supplemental  educational  benefits,  referred  to  as 
kickers.  Currently  the  recruit  who  enlisted  for  the  ACF  can  use 
the  benefits  only  after  completion  of  service.  This  program 
expands  the  recruiting  market  and  channels  enlistees  into  hard- 
to-fill  MOS, 

Enlistment  bonuses  are  the  other  form  of  compensation  used 
by  the  Army  to  entice  high  quality  recruits  to  enlist  into  and 
hard-to-fill  MOS,  Bonuses  are  flexible  since  they  can  be  added 
or  deleted  at  any  time  without  affecting  other  elements  of  the 
compensation  package.  Bonuses  are  also  less  costly  than  general 
pay  increases,  since  the  recipients  are  only  those  individuals 
enlisting  in  hard-to-fill  MOS,  A  bonus  recipient  receives  50 
percent  of  the  bonus  after  the  completion  of  training  and  the 
remainder  in  equal  annual  payments.  The  average  enlistment  bonus 
received  in  FY88  was  $3,620, 

As  noted  earlier,  the  Army  College  Fund  and  the  enlistment 
bonus  program  expand  recruiting  markets,  channel  recruits  into 
specific  MOS,  and  shift  terms  of  enlistment.  There  have  been 
several  research  efforts  to  estimate  the  effects  of  the  ACF  and 
enlistment  bonuses.  Most  efforts,  however,  have  focused  only  on 
the  market  expansion  effects  of  these  incentives.  Limited 
research  has  been  done  on  the  skill  channeling  and  the  term 
shifting  effects  of  these  incentive  programs.  It  is  essential  to 
consider  all  aspects  of  programs  when  allocating  them  across  MOS. 
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In  FYSl  the  Office  of  the  Secretary  of  Defense  requested 
that  an  experiment  be  conduced  to  investigate  the  effectiveness 
of  various  educational  benefit  programs.  Fernandez  (1982) 
performed  the  analysis  on  the  resulting  experimental  data.  He 
found  Ultra-VEAP  (Veteran  Educational  Assistance  Program) ,  a 
program  with  a  maximum  benefit  of  $17,400,  to  be  the  most 
successful  in  attracting  high  quality  recruits.  Ultra-VEAP  is 
the  predecessor  of  the  Army  College  Fund.  Fernandez  estimated  an 
elasticity  of  .16  for  this  program.  Daula  and  Smith  (1985)  also 
estimated  that  education  benefits  in  the  form  of  the  ACF  is  .16. 

These  analyses  focused  only  on  the  market  expansion  effect 
of  the  educational  benefit  programs.  Schmitz  (1989)  estimated 
not  only  a  market  expansion  effect  but  also  and  term  shifting 
effect  of  the  ACF.  He  found  that  while  the  Army  College  Fund 
increased  enlistments  by  9  percent  over  Super  VEAP,  it  also 
reduced  the  proportion  of  four-year  enlistments. 

Other  researchers  have  also  estimated  the  enlistment  supply 
or  market  expansion  effect  of  the  ACF  and  enlistment  bonuses,  A 
summary  of  investigations  of  the  ACF  market  expansion  effects  is 
provided  in  Schmitz  (1989).  He  reported  these  estimates  in  terms 
of  percent  enlistment  gain  relative  to  enlistment  during  the 
Super  VEAP  (maximum  benefits  of  $11,400  -  kickers  or  $2,000  for  a 
two-year  enlistment,  $4,000  for  a  three-year  enlistment,  and 
$6,000  for  a  four-year  enlistment)  era.  Schmitz  found  that  Brown 
(1983)  predicted  the  largest  increase  in  enlistments,  102%  and 
Goldberg  and  Greenston  (1986)  the  smallest,  an  increase  of  .2%. 

The  market  expansion  effect  of  enlistment  bonuses  has  also 
been  estimated  by  other  researchers.  Since  most  Army  enlistment 
supply  models  include  wages  as  a  variable,  and  bonuses  augment 
wages,  then  one  can  employ  the  wage  elasticity  to  estimate  the 
impact  of  bonuses.  Fernandez  (1979)  reported  wage  elasticities 
from  .54  to  .88.  Dale  and  Gilroy  (1983)  reported  a  pay 
elasticity  of  2.3  for  all  nonprior  service  male  high  school 
graduates  (all  test  categories) . 

Responding  to  a  mandate  from  Congress,  the  Department  of 
Defense  and  the  Army  conducted  an  experiment  from  July,  1982 
through  June,  1984,  to  determine  the  effects  of  bonuses  on 
enlistments.  Polich,  Dertouzos,  and  Press  (1986)  examined  the 
impact  of  various  enlistment  bonuses  programs.  They  estimated 
market  expansion,  skill  channeling,  and  term  of  enlistment 
shifting  effects  of  enlistment  bonuses.  For  example,  they  found 
that  increasing  the  existing  bonus  by  $3 , 000  had  the  following 
effects: 

Market  expansion:  A  4.1%  increase  in  high  quality  contracts. 
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Skill  channeling:  A  31.7%  increase  in  test-eligible  skill 
contracts.^ 

Term  of  service:  A  15.3%  increase  in  four-year  terms. 

Few  other  researchers  have  examined  the  skill  channeling 
effects  of  the  ACF  and  enlistment  bonuses.  One  of  the  few, 
Fernandez  (1982)  found  that  the  ACF  increased  high  quality 
enlistments  in  eligible  MOS  without  adversely  impacting  others. 
Schmitz  (1989)  also  found  results  suggesting  that  ACF  impacts  on 
MOS  choice . 

Even  less  research  has  been  done  on  the  effects  of 
enlistment  incentives  on  choice  of  enlistment  term.  The  Polich 
et  al.  (1986)  effort  is  one  of  the  few  investigating  term  of 
service  choice  behavior.  They  examined  experimental  bonus 
programs  relative  to  the  one  in  place  prior  to  July  1982  and 
found,  for  example,  that  when  bonuses  were  increased  by  $3,000 
for  four-year  terms,  enlistments  increased  four-year  terms  by 
15.3  percent  and  decreased  by  28.5  percent  three-year  terms. 

The  New  Recruit  Survey,  which  is  conducted  by  the  U.S.  Army 
Research  Institute  for  the  Behavioral  and  Social  Sciences, 
provides  information  suggesting  the  market  expansion  and  skill 
channeling  effects  of  the  ACF  and  bonuses.  For  example,  the 
following  question  is  on  the  survey:  Suppose  the  job  you  signed 
up  for  did  not  pay  a  cash  bonus.  What  would  you  have  done? 

Answer  options  make  it  possible  to  infer  skill  channeling 
and  market  expansion  effects.  Table  1  presents  results  from  the 
New  Recruit  Survey  of  these  effects  from  Fy83  through  FY88.  Note 
that  in  all  instance,  except  one,  the  skill  channeling  effect  is 
the  larger  of  the  two. 

There  have  been  several  models  developed  for  application  to 
particular  aspects  of  incentive  management.  For  example, 

Grissmer  and  Fernandez  (1986)  built  an  equilibrium, 
deterministic,  nonlinear  programming  model  for  minimizing  the 
cost  of  meeting  manpower  requirements.  They  included  three  types 
of  equations  to  describe  the  enlistment  process:  cost  equations, 
enlistment  supply  equations,  and  occupational  choice  equations. 
Their  costs  included: 

o  The  marginal  processing  cost  per  recruit 

o  The  marginal  cost  of  an  additional  recruiter 

o  The  actual  costs  of  enlistment  bonus  programs 


^Test-eligible  MOS  are  05H,  IIX, 13B, 13E, 13F, 15E,  and  19A. 
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Table  1 


The  Effect  of  Enlistment  Bonuses  -New  Recruit  Survey 


Skill  Channeling 

Market  Expansion 

FY83 

FaU 

7.1 

5.1 

Spring 

7.4 

6.9 

FY84 

FaU 

13.2 

13.5 

Spring 

FY85 

FaU 

143 

11.8 

Spring 

13.6 

11.9 

FY86 

FaU 

12.8 

11.1 

Spring 

12.7 

113 

FY85 

FaU 

173 

6.3 

Spring 

19.2 

6.6 

FY86 

FaU 

13.0 

9.4 

Spring 

12.3 

13.2 

o  The  accrual  costs  of  educational  benefit  programs. 

Grissmer  and  Fernandez's  enlistment  supply  equations  took 
the  form  of  a  separate  equation  for  each  occupational  specialty, 
and  included  unemployment  rates,  basic  pay,  enlistment  bonuses, 
educational  benefits,  and  the  number  of  recruiters.  Their  policy 
variables  included  number  of  recruiters,  the  enlistment  wage 
level,  enlistment  bonuses,  educational  benefits,  and  the 
differential  level  of  bonuses  and  educational  benefits  for  each 
military  occupational  specialty  (MOS)  in  the  model. 

The  purpose  of  the  Grissmer  and  Fernandez  model  was  to 
determine  the  mix  of  policy  variables  that  would  in  a  least  cost 
fashion  fill  multiterm  manpower  requirements.  Their  model 
considered  both  overall  manpower  requirements,  such  as  end 
strengths  and  experience  distributions,  and  also  specialty 
requirements  by  term  of  service.  Their  prototype  consisted  of 
only  two  occupational  specialties  but  could  have  been  expanded  to 
include  any  desired  number.  Their  model  focused  on  enlistee 
choices,  and  management  options  at  accession,  and  the  first, 
second,  and  third  reenlistment  points.  A  model  with 
nonlinearities  in  both  the  objective  function  and  the  constraints 
requires  far  more  complex  and  costly  computer  software  than  one 
with  a  linear  objective  function  and  linear  constraints.  Making 
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assumptions  to  create  a  linear  model  greatly  simplifies  the 
estimation  of  a  model. 

The  Grissmer  and  Fernandez  model  was  purely  theoretical. 
While  it  could  have  been  adapted  to  Army  needs,  they  did  not  use 
any  empirical  data  to  measure  the  required  model  parameters  or  to 
validate  their  model. 

Morey  and  Lovell  (1987)  did  an  exploratory  analysis  of 
monetary  and  nonmonetary  incentives  for  Army  recruiting.  They 
constructed  an  MOS  level  model  using  i^arterly  data  from  the 
period  FY81  through  Fy86.  They  minimized  the  costs  of  various 
combinations  of  incentive  programs,  using  a  translog  cost 
equation  that  included  quadratic  interaction  terms.  They  assumed 
that  the  total  incentive  cost  for  each  MOS  depended  upon  nine 
factors : 

o  The  number  of  high  quality  enlistments  in  the  MOS 

o  The  high  quality  quotas  outside  that  MOS 

o  The  cost  of  each  monetary  incentive  available 

o  Environmental  variables,  such  as  the  unemployment  rate 
and  the  military/civilian  pay  ratio 

o  The  quarter 

o  The  year 

o  The  usage  of  nonmonetary  incentives,  such  as  permitting  a 
soldier  to  choose  his  duty  station 

o  The  non-high  quality  quotas 

o  The  levels  of  other  Army  resources  being  expended,  such 
as  advertising. 

Morey  and  Lovell  disaggregated  Army  enlisted  manpower  into 
21  MOS's:  20  in  the  Combat  Arms  and  a  21st  grouping  consisting  of 
all  other  MOS's.  They  also  restricted  the  coefficients  in  their 
regression  equations  to  ensure  that  some  parameters  had  the  same 
value  for  all  21  MOS's:  guidance  counselor  policy;  non-high 
quality  competitive  effects;  environmental  variables,  such  as 
unemployment  rates  and  advertising;  and  yearly  and  quarterly 
effects.  Most  of  the  explanatory  power  of  their  incentive  cost 
equations  were  contained  in  two  variables:  the  niimber  of  high 
quality  contracts,  and  the  ratio  of  the  price  of  the  ACF  to  the 
price  of  enlistment  bonuses. 

Morey  and  Lovell  obtained  some  interesting  results,  but  they 
were  forced  to  make  some  questionable  simplifying  assumptions. 
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and  they  presented  no  operational  system  for  implementing  their 
model.  For  example,  it  is  hard  to  imagine  that  guidance  counselor 
reforms,  non-high  quality  competitive  effects,  the  effects  of 
recruiting  resources  and  environmental  variables,  and  yearly  and 
quarterly  effects  are  the  same  for  every  MOS,  as  they  assumed. 

The  fact  that  those  variables  were  not  significant  in  their 
model,  in  contrast  to  many  other  studies,  casts  doubt  on  the 
validity  of  their  underlying  assumptions.  In  addition,  neither 
their  model  nor  the  Grissmer  and  Fernandez  model  has  a 
combination  of  an  MOS  level  of  disaggregation  and  a  method  for 
showing  the  effects  of  monetary  incentives  on  transition  rates 
that  would  be  necessary  for  development  of  an  Army  total  force 
incentive  management  model. 


APPROACH 

The  objective  in  this  effort  is  to  develop  a  model  that 
enhances  the  ability  of  either  an  analyst  or  a  decision  maker  to 
manage  the  economic  enlistment  incentives,  the  ACF  and  enlistment 
bonuses,  to  meet  personnel  requirements  in  an  efficient  manner. 
Such  a  solution  to  this  model  will  determine  an  incentive  program 
to  meet  total  manpower  and  quality  requirements  for  the  least 
cost.  The  objective  is  the  cost-efficient  utilization  of 
recruiting  resources. 

To  achieve  this  objective  one  needs  estimates  of  the  market 
expansion,  skill  channeling,  and  term  of  enlistment  effects  of 
the  ACF  and  enlistment  bonuses.  One  also  requires  estimates  of 
the  costs  of  training  and  attrition.  Hence,  attrition  and 
retention  rates  are  also  needed. 

The  Skill  Channeling  Effect 

Estimates  of  the  skill  channeling  effects  of  the  ACF  and 
the  enlistment  bonus  program  are  a  prerequisite  for  the 
development  of  the  incentive  planning  model.  To  examine  the 
impact  of  these  programs  on  MOS  choice  we  employ  the  following 
equation: 

N 

(1)  logH^t  =  +  PilogJ^  +  P  +  ^^ACFDUMMYj^  + 

i-l 


i~l , . . . , H  and  t~l , . . . , T  , 


where  H,.  is  the  number  of  high  quality  contracts  enlisting  in 
MOS  i  in  time  period  t,  is  the  attributes  of  the  i**’  MOS,  and 
€-j  is  error  term.  This  is  a  fixed  effects  model  of  the 
classical  regression  model. 
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since  the  ACF  and  enlistment  bonuses  are  designed  to  attract 
high  quality  personnel  into  specific  MOS  and  terms  of  service,  we 
expect  them  to  increase  the  number  of  high  quality  recruits 
enlisting  in  MOS  where  they  are  available.  We  also  expect  larger 
bonuses  to  attract  more  high  quality  recruits  than  smaller  ones. 
Therefore,  we  hypothesize  that  the  coefficients  on  the  variables 
associated  with  the  ACF  and  enlistment  bonuses  are  positive. 

The  Term  of  Enlistment  Effect 

Because  of  the  scarcity  of  research  on  the  impact  of 
enlistment  incentives  on  term  choice  it  will  be  necessary  to 
estimate  this  impact.  A  general  equation  which  can  be  used  to 
model  the  impact  of  enlistment  bonuses  on  choice  of  enlistment 
term  is  (2)  below.  Controlling  for  MOS  characteristics,  X,  and 
the  availability  of  ACF  we  can  estimate  the  impact  of  MOS  bonus 
allocation  on  proportion  of  high  quality  individuals  enlisting  in 
a  MOS. 


N 


(2)  logHi^y  =  +  Pilogj;  +  +  PjBOJWS^  +  ^^ACFDUMMY^  +6^^^ 


i«l 


i=l,...,N  and  t=l,...,T 

where  H-^  is  the  number  of  high  quality  contracts  enlisting  in 
the  i  MOS  in  the  t**’  time  period  for  y-year  term  of  enlistment 
and  e-^y  is  the  error  term. 

Again,  a  similar  equation  is  employed  to  estimate  the  effects 
of  ACF  on  term  of  enlistment  choice. 


RESULTS 

The  first  stage  of  our  analysis  is  concerned  with  the 
estimation  of  the  skill  channeling  effect  of  enlistment 
incentives.  The  model  estimated  has  the  general  form  noted  in 
the  previous  section.  We  use  data  from  the  FY83  through  FY85 
contract  cohorts.  Table  2  presents  the  characteristics  of  these 
cohorts . 

These  data  were  aggregated  by  MOS  and  time  intervals, 
(quarters  in  this  instance) .  Bonuses  available  to  a  MOS  during 
each  quarter  are  incorporated  in  to  the  data  set.  In  addition 
other  information  characterizing  the  MOS,  such  as  the  number  of 
training  days  and  cost,  aptitude  area  cut-score,  and  high  school 
graduation  and  gender  eligibility  requirements,  is  also  included. 
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Table  2: 


Characferistics  of  enlistment  cohorts  for  FY1983-85 


Variable 

FY83 

FY84 

FY85 

Mental  category  I-IIIA 

62.30 

59.21 

61.13 

High  School  Graduates 

92.01 

95.45 

90.69 

I-IIIA  High  School  Grads 

56.56 

55.85 

52.01 

Enlistment  Bonus 

12.67 

17.25 

21.89 

Educational  Benefit 

37.01 

21.80 

16.98 

E.  Bonus  &  Educ.  Benefit 

10.46 

9.11 

10.30 

Male 

87.09 

8652 

85.81 

Number  of  Contracts 

126147 

115836 

11786 

We  examined  the  impact  of  the  availability  of  the  Army 
College  Fund  and/or  enlistment  bonuses  to  a  MOS  on  the  quality 
composition  of  that  MOS.  The  model,  equation  (3)  below,  is 
estimated  using  ordinary  least  square  regression. 

(3)  log  =  pQ  +  p^£?BPaMMy^  +  +P2-ACFI>CM'fr_f  +  P3Both_£  +  e_£ 

i=i 


i=l, . . . ,N  and  t=l, . . . ,T 


Where  H,.  it  the  number  or  high  quality  recruits  in  MOS  i  in  the 
t***  time  period.  Here  N  is  472  and  T  is  12.  Table  3  presents 
the  results  of  the  estimation.  These  results  suggest  that  the 
availability  of  enlistment  bonuses  and/or  the  ACF  increase  the 
high  quality  recruit  in  a  MOS. 


Table  3 


The  effect  of  the  ACF  and  enlistment  bonus  on  MOS  choice 


Variable 

Coefficient 

Std.  Error 

Intercept 

-83838 

0.17737 

EBDUMMY 

05500 

0.05941 

ACFDUMMY 

1.0600 

0.04311 

EB  &  ACF 

0.1997 

0.07077 

All  variables  are  statistically  significant  the  .01  level. 


Interpreting  of  the  coefficients  of  equation  (3)  requires 
the  following  transformation:  lOO(e^-l),  where  /3  is  the 
appropriate  coefficient.  This  transformation  indicates  the 
percentage  increase  or  decrease  for  each  one  unit  increase  in  the 
independent  variable. 
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Transforming  the  coefficients  above  we  obtain  73.4,  418.2, 
and  22.1  for  the  enlistment  bonus  variable,  the  ACF  variable,  and 
the  variable  for  the  availability  of  both  programs  respectively. 
These  results  suggest,  for  example,  that  the  availability  of  a 
bonus  in  a  MOS  increases  the  percent  of  high  quality  by  73 
percent.  The  other  coefficients  can  be  interpreted  in  a  similar 
manner.  The  ACF  appears  to  have  a  much  larger  effect  on  MOS 
choice  than  the  enlistment  bonus  and  combining  both  programs  adds 
an  additional  22  percent.  It  can  not  be  overemphasized,  however, 
that  these  results  are  preliminary. 

An  alternative  to  the  model  above  is  to  consider  bonus 
levels,  not  merely  their  availability.  Such  an  equation  is  very 
similar  to  (1) . 

The  factors  considered  are  the  proportion  total  bonus 
dollars  going  to  a  MOS  in  a  quarter,  and  whether  or  not  the  ACF 
is  available  in  a  MOS  during  a  quarter.  The  equation  also 
includes  dummy  variables  for  each  MOS.  The  model,  which  is 
presented  in  equation  (4) ,  is  referred  to  as  a  fixed  effect 
model.  Models  of  this  type  are  used  in  the  analysis  of  panel 
data,  i.e.  cross-sectional  time  series  data.  This  is  exactly  the 
situation  we  have.  Table  4  presents  preliminary  results  from  the 
estimation  of  this  model.  For  the  fixed  effects  their 
coefficients  and  their  standard  error  are  in  the  Appendix.  Both 
the  coefficients  for  bonus  proportion  and  the  ACF  indicator 
variables  are  statistically  significant  and  have  the  expected 
signs.  These  results  suggest,  for  example,  that  if  the 
proportion  of  enlistment  dollars  allocated  to  a  MOS  during  a 
quarter  increases  then  the  percent  of  high  quality  individuals 
enlisting  in  that  MOS  increases.  Further  research  is  required  in 
this  area. 

(4)  *»,ACFDamyj,t*ei,,  , 

i=l  i=l 


where  i=l , . . . , N  and  t=l , . . . , T . 


Table  4 


The  skill  channeling  effect  of  the  enlistment  bonus 

Variable 

RATIOBT 

ACFDUMMY 


Coefficient 

0^111 

0.100002 


Std.  Error 
0.0092348 
0.018792 
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DISCUSSION 


The  development  of  a  model  to  aid  in  the  management  of 
enlistment  incentives  is  the  primary  objective  of  this  research. 
This  paper  reports  on  the  initial  phases  of  this  effort.  First, 
a  review  of  the  relevant  research,  which  may  provide  parameter 
estimates  required  in  the  incentive  planning  model,  is  presented. 
This  is  followed  by  a  presentation  of  general  approaches  for  the 
estimation  of  the  skill  channeling  and  term  of  enlistment 
shifting  effects  of  the  ACF  and  the  enlistment  bonus  program. 
Next,  a  general  description  of  a  incentive  planning  model  is 
presented.  Preliminary  estimates  of  alternative  models  of  the 
skill  channeling  effects  of  enlistment  incentives  are  then 
provided.  This  analysis  indicates  that  both  ACF  and  enlistment 
bonuses  have  strong  skill  channeling  effects,  as  hypothesized. 

Two  steps  are  required  to  complete  the  development  of  the 
enlistment  incentive  planning  model.  The  first  is  the  estimation 
of  the  required  parameters.  This  involves  the  development  of 
behavioral  models  of  the  effects  of  the  ACF  and  enlistment 
bonuses  on  recruits  and  models  of  the  attrition  behavior  of 
soldiers.  Although  preliminary  estimates  of  enlistment  incentive 
effects  were  produced  in  this  paper,  further  research  is 
required. 

As  noted,  estimates  of  the  attrition  behavior  of  soldier  are 
required  in  the  incentive  planning  model.  A  soldier  becomes  an 
attrition  when  he  or  she  leaves  the  Army  before  the  end  of  their 
obligated  term  of  service.  Probabilities  of  attrition  will  be 
estimated  for  each  MOS  using  event  history  models.  These 
separate  attrition  equations  will  be  used  to  predict  attrition 
and  the  associated  cost. 

The  first  developmental  step  also  involves  estimating  cost 
parameters.  Since  recruiting  costs  will  be  a  factor  in  the 
objective  function  of  the  incentive  planning  model,  estimates  of 
them  are  required.  These  costs  include  the  cost  of  the  ACF  and 
enlistment  bonus  programs  and  other  factors  such  as  advertising 
and  recruiter  salary.  Costs  of  recruiting  both  high  and  low 
quality  individuals  are  needed.  The  primary  source  for  MOS 
recruiting  costs  will  be  the  AMCOS  (Army  Manpower  Cost  System) 
model . 


In  addition  to  recruiting  costs,  attrition  costs  will  also 
be  a  factor  in  the  objective  function.  These  costs  depend  on  the 
soldier's  training  MOS  and  career  stage  at  which  he  or  she 
becomes  an  attrition.  Most  recruits  receive  eight  week  of  basic 
training.  Upon  the  completion  of  this  training,  recruits  receive 
either  on-the-job  or  advanced  individual  training.  Advance 
individual  training  can  take  from  7  weeks  to  a  year  to  complete. 
If  a  recruit  is  an  attrition  during  or  after  training,  then  the 
costs  of  training  up  to  that  point  are  lost.  These  costs  may 
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include  the  cost  of  equipment  and  facilities  and  the  wages  and 
salaries  of  the  recruits.  We  will  assume  that  the  cost  of 
attrition  is  the  cost  of  training  as  Nord  and  Kearl  (1990)  did. 

The  second  step  in  the  development  of  the  enlistment 
incentive  planning  model  will  involve  the  specification  of  a 
model,  which  determines  the  "optimal"  enlistment  incentive 
program  to  achieve  enlistment  and  quality  requirements  and  meet 
second  tour  needs.  The  model  objective,  cost  minimization,  will 
be  achieved  within  the  Army  organizational  constrains,  such  the 
exclusion  of  females  from  the  combat  arms,  behavioral 
constraints,  and  budgetary  limitations. 

During  a  soldier's  tour  of  duty  he  or  she  makes  several 
decisions.  The  primary  ones  are  to: 

o  enlist 
o  select  MOS 

o  select  term  of  enlistment 
o  complete  term  of  service 
o  reenlist. 

The  incentive  planning  model  will  consider  all  aspects  of  the 
process  noted  above.  The  outcome  of  the  model  will  assist 
decision  makers  in  determining  which  MOS  should  receive  bonuses 
and/or  the  ACF. 

Once  these  steps  have  been  completed  the  development  of  the 
incentive  planning  model  can  proceed.  Once  d 
developed  analyst  can  use  it  to  project  the  impact  of  current 
incentive  levels,  and  justify  requirement. 
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APPENDIX 


Table  A1 


Fixed  effects  of  enlistment  bonuses 


MOS 

Coefficient 

STD.  Error 

OOB 

0.00500 

0.296177 

OOF 

0.00633 

0.170998 

OOJ 

0.07628 

0.104715 

OOO 

■0.03650 

0.209640 

01H 

0.03108 

0.085499 

02B 

0.06475 

0.085499 

02C 

0.01518 

0.089301 

02D 

0.01783 

0.085499 

02E 

0.03033 

0.085499 

02F 

0.02358 

0.085499 

02G 

0.02064 

0.089301 

02H 

0.01064 

0.089301 

02J 

0.02433 

0.085513 

02K 

-0.00275 

0.104741 

02L 

0.03692 

0.085499 

02M 

0.00750 

0.104714 

02N 

-0.00245 

0.089317 

02S 

0.02450 

0.085499 

02T 

0.01360 

0.093659 

03B 

-0.09600 

0.296773 

03C 

0.09508 

0.085513 

05B 

0.22312 

0.210292 

05C 

1.58820 

0.101632 

050 

-0.02422 

0.086684 

05E 

-0.09600 

0.296773 

05G 

-0.00959 

0.094585 

OSH 

-0.06816 

0.089365 

05K 

-0.04986 

0.087586 

05L 

0.00000 

0.296177 

06B 

0.00000 

0.296177 

OOB 

-0.10000 

0.296773 

09C 

-0.09600 

0.296773 

09R 

0.03533 

0.098726 

09S 

0.56308 

0.085556 

09W 

0.44042 

0.085513 

10P 

0.00000 

0.296177 

11E 

-0.09600 

0.296773 

11F 

-0.06034 

0.171456 

11G 

-0.09100 

0.296773 
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MOS _ Coefficient 


IIS 

-0.09300 

11V 

-0.09350 

11Y 

-0.06150 

12B 

1.06371 

12C 

0.18012 

12E 

-0.00881 

12F 

0.05627 

12G 

-0.09600 

12L 

-0.04750 

12P 

-0.09600 

12S 

0.00000 

13B 

0.83721 

13C 

0.00266 

13D 

-0.04800 

13E 

0.04674 

13F 

0.39209 

13G 

0.00000 

13M 

0.10514 

13R 

0.03080 

13T 

-0.10000 

13V 

0.00200 

15B 

-0.09500 

15C 

-0.09600 

15D 

0.21100 

15E 

0.14385 

15F 

-0.04500 

15J 

0.00560 

15K 

-0.09500 

15P 

0.00000 

16A 

0.00300 

16B 

-0.04750 

16C 

0.00400 

16D 

-0.01629 

16E 

0.06179 

16F 

-0.04800 

16H 

0.06633 

16J 

-0.00917 

16K 

-0.04750 

16L 

-0.07222 

16P 

0.15750 

16R 

0.13691 

16S 

0.20422 

16X 

0.13658 

17B 

0.03800 

17C 

-0.01585 

17D 

0.00500 

17K 

0.05373 

17M 

0.00500 

18C 

0.00600 

18D 

0.00000 

18E 

0.00700 
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Standard  Error 
0.210270 
0.210270 
0.148758 
0.089962 
0.087536 
0.090622 
0.087539 
0.296773 
0.209640 
0.296773 
0.296177 
0.106488 
0.087214 
0.209640 
0.087881 
0.090677 
0.296177 
0.087639 
0.087214 
0.296773 
0.209429 
0.296773 
0.296773 
0.087819 
0.088139 
0.209640 
0.087536 
0.296773 
0.296177 
0.209429 
0.209640 
0.296177 
0.148765 
0.148768 
0.209640 
0.087217 
0.086412 
0.209640 
0.148757 
0.088240 
0.087745 
0.087923 
0.089046 
0.085499 
0.095173 
0.296177 
0.089360 
0.089317 
0.296177 
0.296177 
0.296177 


€ _ Coefficient  Standard  Error 

19D  0.74488  0.091655 

19E  0.00204  0.098748 

19H  0.00000  0.296177 

19K  0.05156  0.089673 

19L  -0.09500  0.296773 

21 G  0.00262  0.087214 

21 L  0.05467  0.085513 

22L  0.02100  0.296177 

24C  0.08508  0.085513 

24E  0.03283  0.085556 

24G  0.09992  0.085513 

24H  0.04700  0.085513 

24J  0.04583  0.085513 

24K  0.07217  0.085499 

24L  0.03958  0.085513 

24M  0.06383  0.085499 

24N  0.03645  0.089301 

24T  0.11342  0.085499 

24U  0.04183  0.085513 

24V  -0.03900  0.209640 

24W  0.00933  0.170998 

24Y  0.00800  0.296177 

25L  0.01882  0.089317 

26B  0.04225  0.104714 

26C  0.04909  0.089317 

26D  0.06290  0.093659 

26E  0.03267  0.085499 

26F  0.02200  0.093659 

26H  0.03092  0.085499 

26K  0.00850  0.209429 

26L  0.15840  0.093735 

26Q  0.30150  0.085513 

26T  0.05033  0.085499 

26U  0.00400  0.296177 

26V  0.30125  0.085556 

26X  0.00500  0.296177 

26Y  0.23650  0.086653 

27B  0.05900  0.085513 

27E  0.20392  0.086199 

27F  0.05158  0.085499 

27G  0.04382  0.089301 

27H  0.00900  0.209429 

27L  0.01750  0.085499 

27M  0.03992  0.085499 

27N  0.02109  0.089317 

27P  0.00671  0.111944 

27Q  0.01100  0.170998 

29E  0.12100  0.148089 

29F  0.07925  0.148089 

29G  0.01000  0.296177 

29J  0.10480  0.132454 
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MOS 

Coefficient 

Standard  Error 

29M 

0.09167 

0.170998 

29N 

0.10440 

0.132454 

29S 

0.07800 

0.170998 

31 B 

0.00400 

0.296177 

31 C 

1.00111 

0.096006 

31 D 

0.00500 

0.209429 

31 E 

0.23150 

0.085513 

31G 

0.00500 

0.296177 

31 H 

0.00500 

0.296177 

31J 

0.40942 

0.085556 

31 K 

0.75259 

0.091753 

31 L 

0.00600 

0.296177 

31 M 

1.89075 

0.087540 

31N 

0.09117 

0.085556 

31 P 

0.00000 

0.296177 

31 S 

0.13409 

0.089366 

31T 

0.06275 

0.104741 

31 U 

-0.09500 

0.296773 

31V 

0.94040 

0.087280 

32D 

0.21023 

0.085790 

32F 

0.08400 

0.098748 

32G 

0.08392 

0.085499 

32H 

0.07818 

0.089301 

33D 

0.00400 

0.296177 

33P 

0.06538 

0.104714 

33Q 

0.09425 

0.104714 

33R 

0.04012 

0.104714 

33S 

0.19029 

0.111977 

33T 

0.08344 

0.098726 

34B 

0.00450 

0.209429 

34C 

0.00000 

0.296177 

34H 

0.00400 

0.296177 

34L 

0.07014 

0.111944 

34T 

0.03725 

0.148089 

34Y 

0.08333 

0.085513 

35C 

0.04891 

0.089301 

35E 

0.07917 

0.085499 

35F 

0.01786 

0.111944 

35G 

0.05825 

0.085728 

35H 

0.15142 

0.085556 

35K 

0.15225 

0.085513 

35L 

0.06800 

0.085513 

35M 

0.07600 

0.089317 

35R 

0.04209 

0.089301 

36B 

-0.10000 

0.296773 

36C 

0.49498 

0.086723 

36D 

0.01133 

0.170998 

36E 

0.00325 

0.148089 

36H 

0.23650 

0.085513 

36J 

0.00000 

0.296177 

36K 

0.86500 

0.122366 
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Coefficient  Standard  Error 


MOS 


54G 

0.00000 

54H 

0.00000 

54N 

0.00000 

55B 

0.15198 

55D 

-0.01709 

55G 

0.00266 

55K 

0.00400 

55R 

0.10033 

55V 

-0.09600 

56Y 

0.00400 

57E 

0.02625 

57F 

0.03183 

57H 

0.09305 

59E 

0.00000 

61 B 

0.08625 

61 C 

0.04208 

61 F 

0.00000 

61 S 

0.00000 

62B 

0.25595 

62C 

-0.04500 

62E 

0.28218 

62F 

0.08175 

62G 

0.00292 

62H 

-0.00109 

62J 

0.14033 

62N 

0.00200 

62S 

0.00000 

62T 

0.00500 

62W 

0.00000 

62Y 

0.00400 

63B 

1.95846 

63C 

-0.03167 

63D 

0.12159 

63E 

0.03066 

63F 

0.00000 

63G 

0.02882 

63H 

0.21602 

63J 

0.01749 

63K 

0.00000 

63M 

0.00000 

63N 

0.16986 

63S 

0.28190 

63T 

0.32427 

63V 

0.00000 

63W 

0.34210 

63X 

0.00000 

63Y 

0.13420 

64B 

-0.04350 

64C 

2.45058 

64D 

-0.04750 

64F 

0.00000 
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0.296177 

0.296177 

0.296177 

0.087537 

0.087224 

0.086921 

0.296177 

0.085499 

0.296773 

0.296177 

0.085513 

0.085499 

0.086411 

0.296177 

0.085513 

0.085499 

0.296177 

0.296177 

0.086660 

0.209640 

0.086198 

0.085556 

0.085513 

0.089366 

0.086412 

0.209429 

0.296177 

0.296177 

0.296177 

0.296177 

0.090321 

0.171113 

0.087544 

0.086938 

0.209429 

0.087237 

0.087342 

0.087225 

0.296177 

0.296177 

0.087313 

0.087543 

0.087366 

0.296177 

0.087840 

0.296177 

0.086663 

0.209640 

0.087540 

0.209640 

0.296177 


MOS 

Coefficient 

Standard  Error 

64W 

0.00000 

0.296177 

64Y 

•0.09500 

0.296773 

65C 

-0.09600 

0.296773 

65G 

0.00400 

0.296177 

65J 

0.00700 

0.296177 

65T 

0.00400 

0.296177 

65Y 

0.00000 

0.296177 

67B 

0.00000 

0.296177 

67C 

0.00000 

0.296177 

67E 

0.00000 

0.296177 

67G 

0.06708 

0.085513 

67H 

0.06108 

0.085499 

67J 

0.00500 

0.209429 

67L 

0.00500 

0.296177 

67M 

0.00500 

0.296177 

67N 

0.58250 

0.085556 

67R 

0.13080 

0.132454 

67S 

0.11100 

0.296177 

67T 

0.30150 

0.085513 

67U 

0.38067 

0.085513 

67V 

0.53425 

0.085556 

67W 

0.00250 

0.209429 

67X 

0.00500 

0.296177 

67Y 

0.47925 

0.085513 

68B 

0.16525 

0.085499 

68D 

0.13200 

0.085499 

68E 

0.00400 

0.296177 

68F 

0.15433 

0.085628 

68G 

0.28050 

0.085556 

68H 

0.09550 

0.085513 

68J 

0.19483 

0.085499 

68M 

0.11150 

0.085513 

68U 

0.00500 

0.296177 

71 C 

-0.04350 

0.148386 

71 D 

0.28008 

0.085857 

71 E 

0.00500 

0.296177 

71 G 

0.14942 

0.085556 

71 K 

0.00333 

0.170998 

71 L 

3.10883 

0.087540 

71 M 

0.20650 

0.086921 

71 N 

0.08000 

0.085728 

71 P 

0.14522 

0.098924 

71 Q 

0.18083 

0.085556 

71 R 

0.02967 

0.085728 

71W 

-0.04500 

0.209640 

71Y 

0.00000 

0.296177 

72C 

-0.09600 

0.296773 

72E 

0.89478 

0.087864 

72F 

0.00000 

0.296177 

72G 

0.67275 

0.087540 

72H 

-0.09500 

0.296773 

20 

MOS 

Coefficient 

Standard  Error 

72J 

0.00400 

0.296177 

72L 

-0.09550 

0.210270 

72R 

-0.04800 

0.209640 

72S 

0.00000 

0.296177 

73B 

0.00000 

0.296177 

73C 

0.31800 

0.085556 

73D 

0.09858 

0.085499 

73W 

0.00500 

0.296177 

73Y 

-0.09600 

0.296773 

74A 

0.00700 

0.296177 

74C 

-0.09600 

0.296773 

74D 

0.23392 

0.085513 

74F 

0.28742 

0.085499 

75B 

0.66067 

0.086014 

75C 

0.25933 

0.085513 

75D 

0.39400 

0.085728 

75E 

0.19908 

0.085556 

75F 

0.06708 

0.085556 

75G 

0.00300 

0.209429 

75P 

0.00200 

0.209429 

75Y 

0.00000 

0.296177 

76B 

0.00000 

0.296177 

76C 

0.86804 

0.087904 

76D 

-0.02700 

0.171113 

76E 

-0.04750 

0.209640 

76G 

-0.05667 

0.171456 

76J 

0.11550 

0.085556 

76L 

-0.09550 

0.210270 

76M 

0.00400 

0.296177 

76N 

0.01000 

0.296177 

76P 

0.39881 

0.086964 

76R 

0.00400 

0.296177 

76T 

0.00000 

0.296177 

76U 

-0.04750 

0.209640 

76V 

0.45208 

0.087614 

76W 

0.50340 

0.087815 

76X 

0.00695 

0.086921 

76Y 

1.87441 

0.087540 

77F 

0.00550 

0.120954 

77W 

0.01400 

0.296177 

78E 

0.00500 

0.296177 

81 B 

0.06950 

0.085499 

81 C 

0.05636 

0.089301 

81 E 

0.09417 

0.085513 

81 Q 

0.04600 

0.089301 

82B 

-0.00238 

0.089708 

82C 

0.31163 

0.087541 

82D 

0.00982 

0.089562 

82E 

0.00400 

0.296177 

83B 

-0.09600 

0.296773 

83C 

-0.09600 

0.296773 

21 

MOS 

Standard  Error 

83E 

0.01945 

0.089301 

83F 

0.05250 

0.085499 

84B 

0.04164 

0.089317 

84C 

0.00850 

0.104714 

84F 

0.05517 

0.085499 

85B 

-0.09550 

0.210270 

86B 

0.00400 

0.296177 

88M 

0.00825 

0.148089 

88N 

0.00000 

0.296177 

giA 

2.01383 

0.087217 

91 B 

1.73563 

0.090098 

91 C 

0.08977 

0.089301 

91 D 

0.20983 

0.085556 

91 E 

0.17150 

0.086412 

91 F 

0.10417 

0.085499 

91 G 

0.15425 

0.085556 

91 H 

0.03950 

0.093659 

91J 

0.05300 

0.089301 

91 K 

-0.03033 

0.171113 

91 L 

0.00809 

0.089317 

91 M 

0.00500 

0.296177 

91 N 

0.02182 

0.089317 

91 P 

0.15600 

0.085499 

91 Q 

0.17792 

0.085556 

91 R 

0.14858 

0.085556 

91 S 

0.13558 

0.085513 

91T 

0.12975 

0.085556 

91 U 

0.03208 

0.085499 

91V 

0.00663 

0.104714 

91W 

0.00500 

0.296177 

91Y 

0.06042 

0.085499 

92A 

0.00500 

0.296177 

92B 

0.42833 

0.085513 

92C 

0.02408 

0.085513 

92D 

0.04655 

0.089301 

92E 

0.00500 

0.296177 

92T 

0.00000 

0.296177 

93B 

-0.09550 

0.210270 

93C 

-0.09550 

0.210270 

93D 

0.04300 

0.170998 

93E 

0.04350 

0.209429 

93F 

0.03942 

0.085513 

93H 

0.07795 

0.085856 

93J 

0.07115 

0.085728 

93N 

0.00400 

0.296177 

93P 

0.16950 

0.120914 

94B 

1.95388 

0.088650 

94D 

0.00500 

0.296177 

94F 

0.12675 

0.085556 

95B 

6.12016 

0.087540 

95C 

0.10636 

0.089366 
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t 


MOS 

Coefficient 

Standard  Error 

ISA 

0.88678 

0.100995 

36L 

0.10425 

0.085513 

36M 

0.23672 

0.086411 

36R 

0.00000 

0.296177 

36T 

0.00000 

0.296177 

IQB 

0.00133 

0.170998 

95D 

-0.04500 

0.209640 

95L 

0.00250 

0.209429 

95N 

-0.09600 

0.296773 

95S 

0.00500 

0.296177 

96B 

0.32142 

0.085628 

96C 

0.04023 

0.095294 

960 

0.08825 

0.085513 

96F 

0.04133 

0.170998 

96H 

0.03092 

0.085499 

96R 

0.05020 

0.132454 

97B 

0.00833 

0.121561 

97E 

-0.01582 

0.133788 

97G 

-0.02445 

0.209639 

98C 

-0.05144 

0.090490 

98E 

-0.09600 

0.296773 

98G 

-0.18629 

0.098153 

98H 

0.00400 

0.296177 

98J 

0.08486 

0.086428 

11X 

4.21633 

0.324210 
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Tf«gRR  IKM  TBE  rKTAVm  ENISY  IKXa«M:  A  TIME  SHOES  AECBCACH 


I.  saKXOcnoN 

Uie  Delayoi  Entry  Program  (EEP)  is  a  very  effective  management  tool  for 
the  Amy,  edlowing  an  individuail  to  sign  an  enlistment  oontract  emd  delay  his 
or  her  reporting  for  active  duty  for  ip  to  twelve  months.  An  individual 
signing  an  enlistment  contract  \it)D  either  goes  on  active  duty  immediately  or 
within  one  month  is  called  a  “direct  ship;"  otherwise  he  or  she  enters  the  lEP. 
Individuals  in  the  DEP  vho  decide  to  abrogate  their  enlistment  contracts  are 
not  forced  to  enter  the  Amy.  They  are  losses  from  the  CEP. 

There  are  several  positive  adjects  of  EEP.  First,  this  program  permits 
the  Amy  to  smooth  out  the  training  load.  The  time  at  vhich  an  individual  is 
to  enter  the  Amy  is  determined  ty  the  time  and  availability  of  the 
training  course  open  to  him  or  her.  Seoraidly,  as  Morey  (1983) 
postulated,  individuals  in  the  CEP  provide  referrals  from  their  peers  and  hence 
increase  the  ptrsducticn  of  recruiters.  Finally,  Manganaris  and  Schmitz  (1985) 
found  that  those  individuals  who  er±er  active  duty  etfter  ^jending  time  in  the 
EEP  attrite  at  a  lower  rate  than  those  vho  do  not  enter  the  EEP  (ceteris 
paribus) . 

Although  the  EEP  is  a  valuable  tool  for  force  managanent,  there  are  some 
(tamtoaciks  to  using  it.  First,  time  in  the  EEP  is  associated  with  lower 
probability  of  shipping  (Fhillips  &  Schmitz,  1985;  Celeste,  1985;  and  Quester  & 
Murray,  1986) .  A  second  issue  is  that  recruiting  resources  are  used, 
especially  recruiter  time,  in  managing  CEP  vhich  could  have  been  enployed  in 


other  activities. 


Althou^  the  baiefits  of  EEP  greatly  outwei^  its  costs,  its  manageaaent, 
nevertheless,  Bust  be  efficient  and  effective.  An  essential  step  in  managing 
the  EEP  is  xjnierstanciii^  the  ca\ises  of  EEP  loss.  The  purpose  of  this  r^rt  is 
to  investigate  liie  environmental  factors  and  nanagement  policies  influawing 
EEP  loss. 

EEP  eKiversely  inpact  recruiting  productivil^.  Recruiter  effort 

and  other  recruiting  resources  are  wasted  vAien  an  individual  beocmes  a  EEP 
loss.  To  ocnpensate  for  such  losses  additional  enlistment  contracts  must  be 
obtadned.  This  requires  the  expenditure  of  additional  resources,  inclxiding 
recruiter  time.  Ihus,  pjroductivity  is  diminished  vhen  a  EEP  loss  occurs. 

The  Anry's  ability  to  smooth  the  flow  of  individuals  into  training  slots 
(iuring  the  year  is  edso  as  a  result  of  EEP  Icssses.  Training  slcxts 

may,  in  fact,  go  aipty  because  of  EEP  losses.  Training  resources  are  thus 
wasted,  and  indiviciuals  are  denied  opportunities  to  fill  training  slots. 

In  F5f86  the  EEP  loss  rate  was  8.1  percent  for  I-IIIA  hi^  school  degree 
senior  eoid  graduate  males  (GSMAs)  and  this  rate  increased  to  9.3  percent  in 
IY87  (USAREC  Ocmmanders  OcBiferenoe,  Septeniber,  1987) .  In  absolute  nunibers  this 
meant  that  an  additional  1,098  GSMA  individuals  were  lost  from  the  EEP.  (These 
nunbers  were  omitting  August  and  Septeniber  of  both  years  because 

they  were  not  available  for  ry87.)  This  represents  a  significant  increase  in 
EEP  losses  for  this  grcxp. 

This  rqx>rt  attenpts  to  identify  the  oontributicn  of  selected  factors 
toward  EEP  loss.  In  Secticm  II  a  description  of  the  methodology  errployed  is 
provided.  Results  and  descriptive  statistics  are  reported  in  Section  HI. 
Conclusions  and  directions  for  future  research  are  reported  in  Section  IV. 
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H.  MEOKX) 


work  Of  Phillips  et  al.  (1985)  and  Celeste  (1985)  fcwnd  that  the 
following  individual  characteristics  differentiate  EEP  losses;  gender, 
education,  and  Armed  Forces  CJualification  Test  (APQT)  scores.  They  also  found 
that  length  of  in  the  EEP  was  related  to  EEP  loss;  as  EEP  length  increases 
the  probability  of  being  a  EEP  loss  increases. 

Ensdronmental  factors  such  as  labor  market  conditions  may  also  influence 
EEP  loss.  Most  models,  however,  do  not  take  into  account  such  economic 
factors.  It  is  an  aoc^Jted  fact  that  youth  unenployment  significantly 
influenoes  Anty  enlistments.  Hence,  it  is  not  unreasonable  to  conjecture  that 
it  also  influenoes  individuals’  decisions  to  fulfill  their  contract  obligation. 

In  e^idition,  it  is  not  xmtenable  to  assume  that  the  nurtber  of  individuals 
in  the  EEP  relative  to  the  nuttber  of  recruiters  influences  EEP  loss.  Ihe 
nunber  of  individuals  per  recruiter  effects  the  amount  of  time  recruiters  can 
^)end  managing  each  COTttract.  Ihe  less  time  a  recruiter  has  to  manage 
individuals  in  the  EEP  the  greater  the  probability  they  will  become  EEP  losses. 

•Die  mnftei  estimated  here  uses  ncnthly  time-series  data  supplied  ty  USAREC 
covering  fiscal  years  (lY)  1984  through  1987,  and  takes  the  form; 

EEPIR  =  +  ^l*UNEM  +  jS2*AVEEPL  +  ^3*EEaEREC  +  ERROR  TEFM 

vhere  EEPIR  is  the  EEP  loss  rate  (number  of  EEP  losses  -s-  EEP  losses  + 
accessions) .  Independent  variables  include  ENEM,  the  unanployment  rate  for  16- 
to  19-year  olds;  AVEEPL,  the  average  EEP  length  (in  months)  for  the  p^iod;  and 
EETRBC,  the  nunber  of  individuals  in  tiie  EEP  per  recruiter.  Ihe  mean  values 
ani  the  standard  deviations  of  these  variables  are  reported  in  the  eppendix. 


3 


Table  Al.  An  ordinary  least  squares  (OIS)  technique  is  \ased  to  estimate  the 
model.  ^jecification  assumss  that  the  random  disturbances  are 

unoorxelated.  If  the  are  correlated  for  a  linear  regressicn  model 

involving  time  series  data,  then  autoocarelation  is  sedd  to  be  present.  Die 
Durbin-Watscn  test  for  autocorrelation  is  employed  here  and,  at  1.45,  does  not 
strongly  indicate  that  the  assumption  of  uncxirrelated  disturbances  is  violated. 

m.  KBsuias 

Die  estimated  coefficients  airi  t-statistics  are  presented  in  Table  1.  All 
variable  coefficients  are  significant  at  the  .01  level,  and  all  have  the 

signs.  For  example,  the  parameter  estimate  for  UNEM  measures  the 
effect  of  changes  in  the  youth  unemployment  rate  on  the  DEP  loss  rate,  an 
absolute  increase  of  1  percent  in  youtdi  unemployment  is  associated  with  an 
absolute  decrease  of  .67  in  the  loss  rate.  Similarly,  an  increase  of  one  month 
in  average  months  in  DEP  (AVEEP)  increases  the  EEP  loss  rate  by  over  0.5 
percent,  while  an  irrarease  of  one  in  the  ratio  of  the  size  of  the  EEP  to  the 
number  of  recruiters  (EEEREC) ,  vhich  is  the  result  of  either  reducing  the 
number  of  recruiters  or  eipanding  the  size  of  the  EEP  pool,  increases  the  EEP 
loss  rate  by  over  1.9  percent.  and  the  mean  square  error  (MSE)  for  the 
are  aisn  reported.  Diese  statistics  indicate  that  the  variables 
esplained  70%  of  the  change  in  EEP  loss  over  the  BY84-87  period,  and  estimated 
EEP  loss  with  average  mean  squared  error  of  about  1.4  percent. 

Die  results  fixm  the  model  are  used  to  examine  the  impact  of  each  factor 
on  the  change  in  the  GSMA  EEP  loss  rate  between  rY86  and  F5f87.  Die  actual 
differences  for  all  variables  for  rY86  versus  Fy87  are  examined  in  Table  2. 
Diey  indicate  that:  (1)  the  labor  market  became  more  competitive-- 
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■Ktole  1;  ORDINftRy  lEAST  SQCJftRES  RE)GRESSION  RESUEIS  PC»  EEP  lOSS 

MXEL  (1984-87) 

(Dependment  Variable:  EEP  Loss  Bate) 


VARIABLE 

PARAMETER 

ESTIMATE 

t  -  STAnsnc 

UNEM 

-.670 

-3.594 

AVEEP 

.542 

4.508 

EEEBEiC 

1.931 

4.483 

CCNSTANI 

8.950 

2.038 

o 

• 

II 

M5E  =  1.37 

unenployment  dropped  about  one  and  one  half  percentage  points;  (2)  the  demand 
on  recmiter  increased;  and  (3)  the  amount  of  time  avcdlable  for  a  recruit 
to  attrite  fcon  the  EEP  increased.  With  these  changes,  an  increase  in  the  EEP 
loss  rate  should  have  been  anticipated  and,  in  fact,  was  realized. 


T&ble  2:  DIFFEKENCES  BEIWEEJ  IY86  AND  FY87  VRPIABLES 


EEP  loss 
RATE 

UNEMPLOYMENT 

RATE 

EEP  per 
RECHLUTER 

AVERAGE 

UNGIH 

EY86 

7.18 

19.52 

4.775 

4.267 

iy87 

9.88 

18.09 

5.025 

4.765 

duterence 

2.70 

-1.43 

.25 

.49 

PEBCENT  DIFFERENCE 

37 

-7 

5 

16 

The  observed  and  predicted  EEP  loss  rate  changes  between  IY86  and  EY87  and 
the  cxartributions  of  each  factor  to  these  changes  are  presented  in  Table  3. 

The  changes  for  the  observed  and  predicted  rates  are  2.70  and  1.71, 
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re^»ectively.  This  disparity  represents  a  37  peroaxt  underprecaiction  of  the 
EEP  loss  rate  by  the  equation.  This  underprediction  nay  reflect  a  one-time 
policy  change  that  took  effect  in  January  1987.  It  was  at  this  point  that 
nongraduates  from  the  previous  sunoer  vho  fedled  to  obtedn  their  diploma  were 
purged  from  the  DEP.  This  may  be  the  reason  the  model  underpredicts  the  losses 
for  January  1987  (See  the  eppendix) . 

Table  3;  FACTOR  CENIRIBOTICN  TO  FY86-PY87  DEP  I£DSS  PATE  CHANGE 

FACTOR  OONlPIEUITON 

EEP  liOSS  UNEHFUDYMENI  CEP  PER  AVERAGE  DEP 
PATR  rHANffR  PATE  PECROITER  TFyK?m  ERROR 

OBSERVED  loss  PATE  2.70  39%  18%  10%  33% 

PREDICTED  loss  PATE  1.71  56%  28%  16%  0% 

'N 

All  factors  considered  in  the  model  ocntribute  to  the  increases  in  the  EEP 
loss  rates.  The  unaDployment  rate  of  16  to  19  year  olds  influences  the  changes 
in  the  observed  emd  predicted  DEP  loss  rates  nore  than  ary  other  factor, 
however.  In  fact,  nearly  40%  of  the  increase  in  the  actual  loss  rate  and  56% 
of  the  increase  in  the  predicted  loss  rate  are  attributable  to  declining 
unatplcyment  alone.  The  other  factors  contribute  to  the  increases  in  both  loss 
rates  to  a  lesser  extent.  (See  Table  3) . 

The  actual  and  predicted  EEP  loss  rates  and  the  errors  in  the  prediction, 
the  residu5Q.,  for  each  month  from  PY86  throuc^  F5f87  are  reported  in  the 
appendix,  Table  A2. 

IV.  OGNCIISIGN5  AND  EQLRBCTEONS  FCR  FURIHER  RESEARCH 

Overall  the  model  specified  in  this  effort  is  expropriate.  An  *  .70 
indicates  that  the  equation  fits  the  data.  All  factors  —  unenployment,  EEP 
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per  recruiter,  ard  average  lEP  length  —  significantly  affect  CEP  loss. 

Althou^  the  equation  estimated  here  underpredicts  the  change  in  the  EEP 
loss  rate  traa^  IY86  to  Ff87,  it  does  acjoount  for  a  substantial  proportion  of 
the  actual  loss  rate.  Moreover,  the  estimated  equation  indicates  that  nearly 
40%  of  the  increase  in  the  loss  rate  was  due  to  one  factcr,  the  decline  in  the 
16“  to  19-year  old  uneoployment  rate. 

Irre^ective  of  how  well  the  equation  fits,  iiqproveroents  aue  nevertheless 
possible.  Ohe  inclusion  of  other  factors  such  as  geogrephic  variation,  for 
exanple,  or  the  effects  of  ^lecific  policies  such  as  enlishnent  bonuses,  the 
Arny  College  FUnd,  and  oocxpation  choice  an  EEP  loss  may  prove  to  be  valuable 
in  the  estimating  equation.  To  investigate  these  effects,  an  individual  level 
microdata  is  necessary;  this  will  be  the  direction  for  the  follcw-on 


effort. 
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APFBIDIX 


Table  Al:  MEAN  VAIXJE5  OF  BECTOITING  AND  CEP  LOGS  FACTCES 


VARIABLE 

MEAN 

STANDARD 

EEVIAnON 

CEP  1x368  Rate 

7.38 

2.42 

Iftienplpyinent  Rate  (16-19) 

19.23 

1.14 

Size  of  CEP  per  Reczuiter 

4.65 

0.51 

Average  CEP  length 

4.34 

1.86 

-* 


TABLE  A2: 

ACTUAL  AND  PREDICTED 

LOSS  RATES  AND 

RESIDUALS 

ACTUAL 

PREDICTED 

MONTH-YEAR 

LOSS  RATE 

LOSS  RATE 

RESIDUAL 

OCT83 

6.2872 

5.8782 

0.4090 

NOV83 

5.5529 

7.0326 

-1.4797 

OEC83 

5.7807 

6.4219 

-0.6412 

JAN84 

5.6860 

6.5284 

-0.8424 

FEB84 

5.8803 

6.8867 

-1.0064 

MAR  84 

5.6052 

5.8429 

-0.2377 

ARR84 

5.7333 

5.2840 

0.4492 

MAY84 

6.5712 

6.2864 

0.2847 

JUN84 

9.0429 

9.0030 

0.0399 

JUL84 

7.3660 

8.2664 

-0.9004 

AUG84 

6.3319 

8.4668 

-2.1349 

SEP84 

6.9698 

7.0363 

-0.0665 

OCT84 

4.3947 

4.5424 

-0.1477 

NOV84 

5.2685 

5.2664 

0.0021 

OEC84 

5.5616 

4.3057 

1.2559 

JAN85 

5.6670 

4.9531 

0.7139 

FEB85 

4.9131 

4.7719 

0.1411 

MAR85 

4.9755 

5.4542 

-0.4788 

APR85 

4.5317 

5.9694 

-1.4377 

MAY85 

6.5312 

6.4628 

0.0684 

JUN85 

8.7803 

9.3654 

-0.5852 

JUL85 

7.9060 

8.4135 

-0.5076 

AUG85 

7.3359 

7.6128 

-0.2769 

SEP85 

7.0113 

6.5762 

0.4351 

OCT85 

5.7929 

4.1691 

1.6238 

NOV85 

5.1320 

5.5559 

-0.4239 

DEC85 

6.6935 

6.0177 

0.6758 

JAN86 

6.9791 

7.7247 

-0.7455 

FEB86 

5.2598 

6.6316 

-1.3717 

MAR86 

5.0559 

6.5758 

-1.5198 

APR86 

5.5278 

6.3306 

-0.8028 

MAY86 

7.3681 

7.0371 

0.3310 

JUN86 

11.7392 

10.1796 

1.5596 

JUL86 

10.0357 

11.1187 

-1.0829 

AUG86 

7.9978 

9.1559 

-1.1581 

SEP86 

8.5684 

8.3883 

0.1802 

OCT86 

6.1484 

8.2288 

-2.0805 

N0V86 

6.4258 

7.5830 

-1.1572 

DEC86 

8.1664 

7.4681 

0.6983 

JAN87 

13.3243 

8.2154 

5.1089 

FEB87 

6.9219 

7.7903 

-0.8684 

MAR87 

7.5709 

7.4074 

0.1635 

APR87 

11.0681 

7.8023 

3.2659 

MAY87 

9.1442 

7.8410 

1.3032 

JUN87 

13.6669 

12.3304 

1.3366 

JUL87 

12.4404 

13.5289 

-1.0886 

AUG87 

10.9442 

10.8559 

0.0884 

SEP87 

12.6726 

10.3239 

2.3486 
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SERVICE-SPECIFIC  PROPENSITY  TO  ENLIST  AMONG  HIGH  AFQT  MALES 


Information  about  the  stated  intentions  of  young  men  and  women  with 
respect  to  military  service,  commonly  referred  to  as  "propensity  to  enlist", 
has  been  shown  to  be  useful  in  predicting  subsequent  enlistment  behavior  in  a 
number  of  studies  (see,  e<g«,  Orvis  and  Gahart  1985,  and  Nord,  Schmitz  and 
Weiland,  1986).  In  addition,  it  has  been  shown  that  (a)  the  probability  of 
being  positively  inclined  toward  enlistment  in  any  service  varies  inversely 
with  measures  of  recruit  quality  such  as  possession  of  a  high  school  diploma 
and  Armed  Forces  Qualification  Test  (AFQT)  scores;  and  (b)  the  ratio  among 
service-specific  propensities  varies  across  quality  groups. 

The  most  widely  used  source  of  propensity  information  is  the  Youth 
Attitude  Tracking  Survey  (YATS),  a  telephone  survey  administered  annually  to 
a  random  sample  of  16-21  year-olds.  Respondents  are  asked  to  indicate  their 
intentions  toward  military  service  on  a  four-point  scale  ranging  from 
"definitely  intend  to  enlist"  to  "definitely  intend  to  not  enlist".  In 
general,  respondents  indicating  that  they  "definitely  or  probably  intend 
to  enlist  are  identified  as  having  a  "positive  propensity"  to  enlist.  (The 
YATS  also  contains  an  open-ended  question  asking  what  the  respondent  expects 
to  be  doing  one  year  after  the  interview.  At  least  one  study  (Orvis,  1985) 
examines  the  frequency  of  "unaided  mention"  of  military  service  in  response 
to  this  question.)  Respondents  who  indicate  a  positive  propensity  are  asked 
for  additional  information  on  the  specific  service  they  prefer.  The  Defense 
Manpower  Data  Center  provides  annual  summaries  of  these  results,  broken  down 
by  seirvice  and  a  variety  of  demographic  categories. 

Unfortunately,  the  YATS  does  not  provide  any  direct  information  on  AFQT 
performance,  and  as  a  result,  the  most  widely  available  propensity 
information  has  not  taken  into  account  the  differences  in  propensities  across 
AFQT  categories.  This  limitation,  combined  with  the  fact  that  recruiting 
resource  allocation  decisions  both  within  and  across  services  are  largely 
driven  by  the  difficulty  of  attracting  high-school  graduates  with  above 
average  AFQT  scores,  has  severely  constrained  the  usefulness  of  propensity 
information  to  military  policy-makers. 


Recent  research  has  addressed  this  problem  from  two  directions  —  first 
by  developing  a  procedure  to  impute  AFQT  categories  for  YATS  respondents 
(Orvis  1985);  and  second,  by  analyzing  the  propensity  information  provided  by 
the  National  Longitudinal  Survey  of  Labor  Market  Participation,  Youth  Survey 
(NLS).  The  Orvis  results  show  that  trends  in  service-specific  propensities 
among  "high  quality"  males  (those  with  high  school  diplomas  in  AFQT 
categories  I-IIIA)  are  markedly  different  from  trends  among  all  males.  The 
most  recent  YATS  results  for  the  16-21  high-school  diploma  graduate  (HSDG) 
male  population  indicate  that  propensities  for  the  Army  and  Air  Force  are 
nearly  equal,  with  Navy  propensities  substantially  lower,  exceeding  Marine 
propensities  by  only  a  small  margin.  Orvis*  analysis  of  the  same  data 
indicates  that,  among  category  I-IIIA  HSDG  males,  the  propensity  toward  Air 
Force  enlistment  substantially  exceeds  that  of  all  other  services,  and  that 
the  relative  positions  of  the  Army  and  Navy  are  reversed,  with  propensity 
toward  Navy  enlistment  exceeding  that  for  the  Army  by  a  small  margin. 

The  analysis  reported  here  uses  data  from  the  NLS  to  estimate 
service-specific  propensities  among  MCAT  I-IIIA  HSDG  males.  These  estimates 
of  "net"  propensities  are  compared  to  the  "raw"  propensities  for  all  HSDG  NFS 
males  to  determine  whether  patterns  similar  to  those  reported  by  Orvis 
emerge.  In  particular  we  are  interested  in  whether  or  not  there  are 
significant  shifts  in  the  relative  positions  of  the  services  when  net  rather 
than  raw  propensities  are  used. 

The  NLS  sample  was  restricted  to  youths  aged  14-21  in  1979»  and  this 
population  was  re- interviewed  annually  to  produce  a  longitudinal  data  base. 
As  a  result,  the  most  recent  year  for  which  a  16-21  year-old  sample  can  be 
obtained  from  the  NLS  is  1981.  We  chose  to  extend  this  limit  to  1982  by 
focusing  on  17-21  year-olds  to  obtain  the  most  current  results  possible 
without  excluding  large  niombers  of  the  prime  target  population. 

(One  caveat  with  respect  to  the  categorization  of  NLS  respondents  by 
AFQT  scores  should  be  noted:  AFQT  scores  on  the  NLS  were  obtained  by  an 
administration  of  the  test  to  respondents  in  1980.  This  means  that  the  17 
year-olds  in  the  1982  sample  were  15  years  old  when  the  test  was 
administered,  and  their  scores  are  likely  to  be  biased  downward). 


The  data  displayed  in  Table  1  reveals  the  following: 
o  As  expected,  propensities  are  much  lower  among  youths  in  the  upper 
half  of  the  AFQT  distribution  ("net"  propensity)  than  among  the  youth 

population  at  large  ("raw"  propensity). 

o  Changes  from  year  to  year  in  propensity  toward  military  service  in 
any  branch  among  the  general  youth  population  are  generally  similar  in 
direction  to  the  high-AFQT  population.  These  changes  are  proportionally 
smaller  in  the  general  youth  population  —  i.e.,  raw  propensity  estimates  are 
pglatively  more  stable  over  time  than  are  net  estimates.  (This  is 
undoubtedly  partially  due,  to  the  small  sample  sizes  used  to  estimate  "net" 
propensity) . 

o  The  estimates  of  service-specific  propensities  reveal  notable 
differences  between  net  and  raw  propensities  with  respect  to  both 
year-to-year  changes  and  cross— service  comparisons.  Between  1981  and  1982, 
for  instance,  raw  Army  propensity  rose  roughly  9?,  while  net  propensity 
showed  a  20^  decline.  Comparing  Army,  Navy,  and  Air  Force  raw  propensities 
in  1982  suggests  that  Air  Force  propensity  is  50%  higher  than  that  of  the 
Army,  and  more  than  100?  higher  than  that  of  the  Navy.  Similar  comparisons 
among  net  propensities  indicate  that,  for  high-AFQT  youth.  Air  Force 
propensity  is  nearly  200?  higher  than  Army  and  250?  higher  than  Navy 
propensity. 

In  light  of  the  fact  that  recruiting  policies  are  aimed  at  I-IIIA  HSDG 
male  accessions,  these  findings  suggest,  as  do  those  of  Orvis,  that  raw 
propensity  estimates  provide  an  unreliable  basis  for  resource  allocation 
decisions  either  within  or  across  services.  It  would  appear  to  be  well 
worthwhile  to  seek  the  improvements  in  data  collection  instruments  and 
analytical  techniques  needed  to  provide  reliable,  quality-specific  propensity 
estimates  in  the  future. 


TABLE  1 

"RAW"  VS  "NET"  PROPENSITY  TO  ENLIST  BY  SERVICE 
17-21  YEAR-OLD  NPS  HSDG  MALE  POPULATION 
1979-1982  NLS  DATA 


ALL  17-21  YEAR-OLD  NPS  HSDG  MALES  ("RAW"  PROPENSITY) 


1979 

1980 

1981 

1982 

MILITARY 

in. 5 

17.6 

15.5 

in. 7 

(N) 

(n27) 

(503) 

(n71 ) 

(383) 

ARMY 

2.9 

3.9 

3.2 

3.5 

(N) 

(ion) 

(131) 

(110) 

(113) 

NAVY 

3.n 

3.7 

2.6 

2.5 

(N) 

(  83) 

(  99) 

(  78) 

(  6n) 

AIRFORCE 

5.1 

6.2 

5.0 

5.3 

(N) 

(i5n) 

(178) 

(in8) 

(127) 

MARINES 

1.6 

1 .9 

2.n 

1  .n 

(N) 

(  n?) 

1 

(  66) 

(  37) 

TOTAL  OBS 

;  2nn6 

2nn5 

2n30 

2105 

B^  MCAT_J-niA_ONLY  ("NET  PROPENSITY") 


m9  1980  1981  1982 


MILITARY 

(N) 

9.7 

(119) 

12.2 

(137) 

9.6 

(106) 

7.5 

(67) 

ARMY 

(N) 

1.5 

(20) 

2.n 

(32) 

1  .5 
(21) 

1 .2 
(13) 

NAVY 

(N) 

2.2 

(26) 

2.6 

(27) 

2.3 

(23) 

1 .0 
(11) 

AIRFORCE 

(50) 

n.o 

(53) 

n.6 

(35) 

3.5 

(27) 

3.5 

MARINES 

(N) 

0.7 

(10) 

0.9 

(11) 

1 .2 
(13) 

0.7 

_(6) 

TOTAL  OBS 

loni 

1000 

9n3 

780 

NOTES 

(a)  MILITARY  includes  respondents  Indicating  a  propensity  for  National 
Guard  and  Reserves  as  well  as  the  major  branches. 

(b)  ”N”  is  the  number  of  respondents  indicating  a  positive  propensity 
for  each  (or  any)  service. 

(c)  TOTAL  OBS  is  the  total  number  of  respondents  on  which  the 
percentages  are  calculated,  i.e.,  the  number  of  17~21  NFS  HSDG  males  in  the 
sample  for  Table  la,  and  the  number  of  I-IIIA  within  this  group  in  Table  1b. 

(d)  Percentages  were  calculated  using  the  NLS  sample  weights  for  each 
year.  For  this  reason,  percents  are  not  equal  to  100*(N/T0TAL  OBS). 


PERCENT 


PERCENT  OF  17-21  YEAR-OLD  MCAT  I-IIIA  HSDG  MALE  POPULATION 
WITH  POSITIVE  PROPENSITY  TO  ENLIST 
1979-1982  N15  DATA 


Legend 

■  MILITARY 

□  ARMY.... 
#  NAVY 
O  AIRFORCE 
A  MARINES 


NOTE;  MILITARY  includes  Notional  Guard  and  Reserves. 
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A  DURATION  TIME  MODEL  OF  ENLISTED  PROMOTION 
Roy  Nord,  U.S.  Army  Research  Institute 


In  this  paper  a  model  of  the  relationship  between  a  selected 
characteristics  of  Army  recruits  and  their  relative  speed  of  promotion  to 
the  ranks  of  sergeant  and  staff  sergeant  is  estimated.  The  focus  is  on  the 
links  between  promotion  to  these  levels  and  two  widely  used  measures  of 
recruit  "quality"  —  Armed  Forces  Qualification  Test  (AFQT)  scores  and 
educational  attainment  (high  school  graduation). 

It  is  argued  that  relative  speed  of  promotion  is  a  reasonable 
indicator  of  overall  soldier  performance  and  as  such,  provides  a  good 
criterion  for  assessing  the  validity  of  AFQT  scores  and  educational 
attainment  as  predictors  of  Job  performance  among  first  and  second  term 
soldiers.  Results  achieved  using  a  statistical  model  of  the  process 
reveals  that  both  AFQT  scores  and  educational  attainment  are  reliable 
indicators  of  soldier  performance  as  measured  by  relative  promotion  speed. 


MEASURING  SOLDIER  PERFORMANCE 

Soldier  performance  is  of  primary  interest  in  a  wide  variety  of 
military  policy  problems.  These  include  the  development  of  effective 
recruitment,  selection,  classification,  assignment,  and  training 
and  programs  the  efficient  allocation  of  resources  among  these  activities. 
To  a  large  extent,  the  usefulness  of  a  given  performance  measure  -  indeed 
the  definition  of  what  "performance"  is  —  depends  on  the  policy  problem 
to  which  it  will  be  applied.  Under  current  data  limitations  it  is  no 
possible  to  identify  a  single  measure  which  is  equally  valid  for  all 
applications.  One  of  the  most  widely  used  measure  of  soldier  performance 
is  the  Skill  Qualification  Test  (SQT).  Horne  (1986),  for  example, 
examined  the  links  between  high  school  graduation  status,  AFQT  scores, 

SQT  scores  of  first-term  Army  enlisted  soldiers.  These  results  show  a 
strong  positive  relationship  between  AFQT  and  SQT  scores,  and  a  weaker , 
but  significant  positive  link  between  SQT  and  possession  of  a  high  school 
diploma.  These  results  are  consistent  across  several  model  specifications. 

Armor,  et.  al .  (1982)  and  Fernandez  and  Garf inkle  (1985)  combined  SQT 
scores  with  expected  length  of  service  to  obtain  a  measure  of  qualified 
man-years".  The  focus  in  these  two  studies  was  on  the  identification  of 
optimal  job-specific  minimum  entry  standards.  Both  studies  revealed 
strong  positive  effects  of  these  predictors  on  expected  qualified 
man-years  in  the  Military  Occupational  Specialties  (MOS)  analyzed.  A 
number  of  previous  studies  have  shown  that  high  school  completion  is  a 
strong  predictor  of  whether  or  not  a  recruit  completes  his  first 
enlistment  (see,  e.g.  Manganaris  and  Schmitz,  1985). 


The  advantages  of  using  SQT  scores  as  performance  measures  are  that 
they  are  widely  available,  relatively  easy  to  obtain,  and  familiar  to  bo 
soldiers  and  Army  decision-makers.  The  most  important  weakness  of  SQTs  as 
nerformance  measures  is  the  fact  that  they  are  designed  to  measure  job 
wnow^ed^rrathS  Job  perforMnce.  While  It  Is  reasohable  to  expect 

Cc™Lee  IS  a  nLessary  condition  for  satlsfact.^  performance, 
ttfaM^ty  ?o  deLnstrate  famimrlty  with  approved  techniques  and 
orocedures^in  the  context  of  a  written  test  does  not  imply  superior 
Lrformance  on  the  job.  This  limitation  is  particularly  worrisome  if  the 
purpose  of  the  performance  measure  is  to  test  the  usefulness  o  ano 
written  test  as  a  predictor  of  performance. 

In  addition  SQTs  focus  on  a  limited  subset  of  the  tasks  required  in 
any  gW^Job^Ve  relevance  of  these  tasks  to  overall  performance  as  well 
as'^the  degree  of  difficulty  of  the  tasks  varies  considerably 
^hlfLkS  cLparlson  acrcL  Jobs  difficult. 

for  evaluative  as  well  as  diagnostic  purposes.  In  its  '"evjew  of  the  SQT. 
the  General  Accounting  Office  (1982)  found  that  this  fact  tended  to 
produce  disproportionate  training  on  the  subset  of  basks  covere  ^ 
test.  To  the  extent  that  such  "coaching"  occurs,  the  usefulnes 
overall  measures  of  performance  will  be  further  reduce  . 

A  second  group  of  soldier  performance  analyses  have  relied  upon 
observations  of  soldiers  actually  using  specific  weapons  systems. 

Scribner  et.  al.  (1986)  analyzed  the  effects  of  tank  crew  AFQT  scores, 
educSar;ttaInment  and  experience  levels  on  the 

Kn^in  Runnery  exercises.  Nelson  et  al.  (198i|)  examined  the  effects  of 
AFQT  differences  among  soldiers  selected  against  test  ® 

c^TTMCFR  missile  Horne  (1986)  conducted  a  similar  analysis  using 
mlptS-spioUirtralnJng  data  on  the  Hawk,  STINGER  and  other  air  defense 

systems  collected  by  the  Systems  Analysis  Activity  “L‘rslgnlflcant 
and  Doctrine  Command.  Again,  all  of  these  studies  / J'fnificant 

positive  effect  of  recruit  quality  measures  on  the  selected  measu 

soldier  performance. 

The  weapons  trial  results  provide  performance  indicators  that  are  in 
manv  rLpSs  the  most  persuasive  available  because  of  their  direct  links 
to  Lncrete  and  critically  important  tasks.  However. 

not  available  for  most  Army  jobs.  Even  where  they  are  available,  they 
meLu^ronly  soma  of  the  determinants  of  overall  soldier  performance  and 
the  collection  and  summarization  of  data  on  the  results  of  , 

fUrthS  narrows  this  focus.  As  a  result,  these  analyses  may  underemph^  ze 
Important,  but  difflcult-to-measure  qualities  like  decision  making 
and  leadership  abilities. 

Promotion  as  a  Performance  Measure 

The  use  of  promotion  as  an  indicator  of  performance  is  not  new. 
although  its  use  in  analyses  of  public  sector  activities  has  been  somewhat 
limited  Ward  and  Tan  (1985)  used  a  combined  measure  of  promotion  speed 
and  lengtrof  Tervlce  to  examine  the  Army's  re-enlistment  standards. 
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Promotion  speed  is  a  logical  choice  as  a  indicator  of  soldier 
perfLmance  for  a  number  of  reasons.  The  Army’s  ”up  or  out"  policy,  under 
which  failure  to  be  promoted  may  bar  a  soldier  from  ’ 

provides  implicit  evidence  that  promotion  is  perceived  by  the  Army,  as 
Lidence  of  competence.  The  regulations  governing  J 

state  that  the  promotion  system  is  intended  to  reward  intent  ^ 

is  further  embedded  in  the  detailed  procedures  by  which  promotion  point 

are  determined. 

It  should  be  noted,  however,  that  the  system,  also  rewards  tenacity. 
Minimum  requirements  for  time-in-grade  and  time-in-service  are  establ  shed 
by  grade.  In  addition,  until  June.  1985.  time-in-service  was  used  along 
with  performance  data,  in  the  calculation  of  promotion  points.  (These 
requirements  can  be  partially  waived  in  cases  of  exceptional  performance.) 

The  data  on  which  promotion  decisions  are  based  includes  commander 
judgements  of  individual  capabilities  and  potential,  as  well  as 
performance  on  SQT  tests,  education,  training  and  other 
measures  of  job  proficiency.  If  one  is  willing  to  accept  the  argument 
that  (a)  promotion  policies  tend  to  reflect  the  values  of  the  Army;  (b) 
the  implementation  of  these  policies  (i.e.  the  actual  decisions  o 
individuals  and  organizational  sub-units)  are,  at  .  . 

consistent  with  their  intent;  and  (c)  job  performance  should  be  judged  in 
terms  of  the  organization’s  values,  then  speed  of  promotion,  should 
reflect  soldier  contributions  to  military  effectiveness  in  the  broadest 

sense. 

Much  of  the  literature  on  promotion  has  focused  on  the  elements  of 
this  argument.  Frequently,  the  promotion-performance  link  is  treated 
normatively.  The  null  hypothesis  is  that  promotion  is 
performance,  and  the  analytic  objective  is  to  test  this  hypothesis  by 
examining  whether  variables  posited  to  be  unrelated  to 
fact  determinants  of  promotion.  Rejection  of  the  null  hypothesis 
I^erpretL  as  evlSenL  either  (a)  that  organisational  objeetlves  are  not 
reflected  in  promotion  policy,  or  (b)  that  the  individuals  making 
promotion  decisions  fail  to  follow  the  policy. 

Our  approach  reverses  these  assumptions.  Our  primary  interest  in 
testing  the  hypothesis  that  our  recruit  "quality"  indicators 
to  performance.  We  shall  do  so  by  assuming  that  promotion  is  Pased  on 
performance,  and  testing  the  ability  of  AFQT  and  education  to  predict 
promotion  speed. 

Data  were  examined  for  eight  different  MOS  widely  distributed  with 
respect  to  the  kind  and  quality  of  skills  required. 

(Sergeant)and  E-6  (Staff  Sergeant)in  each  MOS  were  analyzed.  The  ® 

sample  consisted  of  all  individuals  in  grades  E-2  through  E-6  at  any  time 
betSeen  September,  1980  through  September.  1984.  '^^® 
required  at  least  two  successive  observations  on  each  individual,  an 
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observations  failing  to  meet  this  requirement  were  dropped,  as  were  cases 
with  missing  or  invalid  data.  The  resulting  samples  ranged  from  880  to 
33,900  records,  each  representing  between  two  and  five  observations  on  an 
individual. 

The  sample  was  drawn  from  the  records  contained  in  the  year-end 
Enlisted  Master  File  compiled  in  September  of  each  year  by  the  Military 
Personnel  Center.  (Corrected  AFQT  scores  for  individuals  entering  the 
service  during  the  1976-1980  "misnormed”  period  were  obtained  from  the 
Cohort  Files  produced  by  the  Defense  Manpower  Data  Center.) 


MEAN  TIME  TO  PROMOTION 

One  way  to  examine  the  effects  of  AFQT  and  education  on  promotion 
speed  is  to  classify  the  observations  by  these  variables,  and  examine 
differences  in  average  time  taken  to  be  promoted  to  each  grade.  Butler 
(1976)  used  this  approach  to  examine  aggregate  Army  promotion  data  for 
evidence  of  racial  discrimination  as  well  as  to  explore  the  effects  of 
test  scores  and  education  on  promotion  problems. 

One  problem  created  by  analysis  of  promotions  for  a  single  time  period 
is  that  the  dynamic  aspects  of  the  promotion  system  must  be  ignored.  The 
probability  of  being  promoted  during  any  given  interval  is  dependent  on 
the  availability  of  positions  in  the  destination  grade  and  the  number  of 
people  eligible  to  fill  those  positions.  Since  both  of  these  factors  vary 
with  time,  the  composition  of  a  particular  grade  in  a  given  MOS  at  any 
point  in  time  is  dependent  on  the  accession  composition  of  the  cohorts  in 
preceding  periods. 

A  second  and  more  serious  flaw  in  the  use  of  mean  promotion  times  is 
failure  to  account  for  the  potential  biases  introduced  by  censoring.  The 
probability  that  a  given  individual  will  be  observed  in  a  given  grade  at  a 
given  time  is  conditional  on  (a)  the  probability  of  remaining  in  the 
service  long  enough  to  attain  that  grade;  and  (b)  the  length  of  time  the 
individual  remains  in  grade  before  being  promoted  or  leaving  the  service. 
To  the  extent  that  the  determinants  of  length  of  service  are  correlated 
with  unobserved  determinants  of  promotion  speed,  a  model  that  ignores  the 
conditional  nature  of  the  distribution  of  individuals  in  a  given  grade 
will  produce  biased  results. 

Simple  comparisons  of  mean  promotion  times  within  the  population  of  a 
given  grade  ignores  selection  effects  that  have  major  impacts  on  the 
composition  of  that  population.  The  marked  difference  in  the  results  of 
the  two  models  suggest  that  these  effects  operate  differently  among 
blacks,  whites,  males  and  females.  The  selection  factors  that  increase 
the  likelihood  of  exiting  the  Army  with  less  than  two  terms  of  service 
will  tend  to  cause  "front”  (left)  censoring  of  the  observed  data  because 
(for  the  grades  we  are  analyzing)  promotion  does  not  usually  occur  until 
the  second  term.  Those  factors  that  tend  to  increase  transit  speed 


through  3  givsn  grado  (this  includos  both  rapid  promotion  and  6xit  from 
the  service)  will  tend  to  cause  "rear"  (right)  censoring  of  the  data. 

To  deal  with  these  issues,  a  "duration”  approach  was  chosen  that 
allows  for  correction  of  front  and  rear  censoring  as  well  as  for  cohort 
effects.  These  models  have  been  widely  applied  in  engineering  to 
investigate  the  performance  of  machines  and  complex  systems.  They  have 
also  been  used  to  examine  first~term  retention  (Baldwin  and  Daula  198^).  A 
brief  description  of  the  approach  is  provided  here.  A  more  detailed 
exposition  can  be  found  in  Araemlya  (1985). 

The  objective  of  the  duration  approach  is  to  find  consistent  estimates 
of  the  determinants  of  the  instantaneous  probability  of  promotion  at  a 
specific  time.  Let  the  probability  that  an  individual  with  characteristics 
Z  is  promoted  prior  to  time  t  be  represented  by 

F(tlz;6)=Prob(TStlz)  (1) 

6  is  a  column  vector  of  coefficients  on  the  elements  of  the  row 
vector  Z,  T  is  the  time  in  grade  when  promotion  occurs,  and  t  is  a  random 
variable  ranging  from  0  to  infinity.  Then  the  istantaneous  rate  of 
promotionat  time  T  is  given  by 

f(tlz;B)=lim  Prob(t^TSt+A)=dF(t)/dt  (2) 

A^O 

The  instananeous  rate  of  promotion  relative  to  the  population 
remaining  in  the  relevant  grade  at  time  t  —  the  "hazard  rate"  (h)  --  is 
simply  the  conditional  density,  formed  by  dividing  the  density  function  f 
by  the  probability  of  surviving  to  time  t 

lira  Prob(t^TSt+AlTSt,Z;6)  =  h(t)=f (t!z;6)/1-F(tlz;B) .  (3) 

A+0 

In  order  to  carry  out  the  estimation,  it  is  necessary  to  specify  a 
distribution  for  the  random  variable  t.  We  have  used  the  Weibul 
distribution  because  it  allows  the  failure  rate  to  increase,  remain 
constant  or  decrease. 

This  yields 

f (t)=act°~^exp(-at°) ;  (c>0,  a>0)  (^) 

where  a  is  the  "scale"  parameter  and  c  the  "shape"  parameter  of  the- Weibul 
distribution.  This  specification  produces  the  hazard  function 

h(t)=act‘^~^  (5) 

The  explanatory  variables  z  are  incorporated  into  the  model  by 
speciflng  the  shape  parameter  as 
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a=exp(ZB ) 


(6) 


Note  that  the  hazard  rate  will  increase  in  t  for  values  of  c  greater 
than  1,  decrease  for  c<1  and  remain  constant  for  c=1 .  This  specification 
does  imply,  however,  that  the  hazard  rates  of  individuals  with  different 
characteristics  are  in  constant  proportion  over  the  entire  range  of  the 
variable  t,  hence  the  name  **proportional  hazards  model”  that  is  often 
applied  to  this  specification.  This  limitation  on  flexibility  can  be 
overcome  by  estimating  separate  models  for  periods  that  may  be  expected  to 
violate  the  proportionality  assumption.  However,  because  there  is  no  a 
priori  reason  to  believe  that  this  proportionability  assumption  is 
violated  in  this  application,  we  have  not  investigated  this  refinement. 

Given  these  assumptions,  the  contribution  of  the  i  observation  to 
the  log  likelihood  function  is  given  by: 


Lj  =  {exp(xB)ct°~’'exp[-t°  exp(x6)] 

+  I2  {(exp(xB)ct°”^exp(-t°  exp(xB )] )/exp[-tQ  exp(xB)]} 
+  {exp[-t°  exp(xB)]} 

+  li,  {(expF-t^  exp(xB)])/exp[-tg  exp(xB)]} 
where 


(7a) 

(7b) 

(7c) 

(7d) 


I.  =  1  if  individual  i  was  promoted  and  was  observed  when  entering 
the  source  grade  (i.e.,  was  not  front-censored),  0  otherwise; 


1=1  if  individual  i  was  promoted  but  was  not  observed  entering  the 
source  grade  (i.e.,  was  front-censored),  0  otherwise; 


I-  =  1  if  individual  i  was  not  promoted  and  was  not  front-censored,  0 
otherwise; 


=  1  if  individual  i  was  not  promoted  and  was  front-censored,  0 
otherwise; 

c  =  the  Weibul  shape  parameter; 


X  =  a  row  vector  of  values  for  individual  1  of  the  explanatory 
variables; 


B  =  the  column  vector  of  coefficients  on  those  variables; 

t.  =  time  (months)  in  grade  when  individual  i  was  promoted  from 
source  to  destination  grade  or  censored;  and 


6 


tn  =  time  (months)  in  source  grade  when  individual  i  was  first 
observed  (0  if  not  front-censored);  and 

The  different  forms  for  the  contribution  to  the  likelihood  function 
have  the  following  interpretation; 


(7a)  is  the  unconditional  instantaneous  probability  of  being 
promoted; 


(7b)  is 
source  grade 
individual ; 


the  probability  of  being  promoted  given  that  entry  to  the 
had  occurred  prior  to  the  first  observation  on  the 


(70)  is  the  unconditional  probability  of  not  being  promoted  during 
the  interval  over  which  the  individual  was  observed;  and 


(7d)  is 
observation, 
beginning  of 


the  probability 
given  that  entry 
that  interval. 


of  not  being  promoted  during  the  interval  of 
to  the  source  grade  had  occured  prior  to  the 


The  explanatory  variables  included  in  the  model  can  be  divided  into 
four  groSs:  (a)  variables  hypothesized  to  affect  performance  directly 
(AFQT  score,  educational  attainment,  and  previous  . 

represented  by  time  in  service  at  promotion  to  the  source  gra  ), 
variables  required  to  measure  variations  over  time 

opportunities  (Cohort  dummy  variables);  (c)  t  ^he 

that  may  affect  performance  and  service  tenure  ^ 

effects  of  systematic  biases  in  the  promotion  system  (Marital  status, 

number  of  dependents,  race  and  sex). 


RESULTS 


Coefficient  estimates  are  presented  in  Tables  1  and  2.  In 
interpreting  these  numbers,  it  should  be  noted  that  because  o  e 
formulation  of  the  model,  the  coefficients  are  inversely  related  to  time 
nro^otion!  variables  iith  positive  coefflolents  tend  to  reduce  ti»e  to 

promotion. 

AFOT  scores  are  good  predictors  of  soldier  performance,  as  measured 
by  time  In  g^are  at  promotion.  The  effect  is  positive  and  sign  ficant  for 
all  MOS  and^oth  grade  levels  analyzed.  Furthermore,  the  effects  are 
rlighly  similar  in  magnitude  to  those  found  in  earlier  studies  using 
differLt  performance  measures.  This  consistency  is  reassuring  that 
simultaneously  adds  credence  both  to  the  results  obtained  in  earlier 
studies  and  to  the  basic  assumptions  underlying  the  promotion  time  model. 

The  effect  of  AFQT  was  generally  larger  than  that  of  education,  in 
-Dltc  of  the  that  education  Is  explicitly  considered  in  the  proBotion 

dttttltn,  ttd  AMT  score  Is  not.  Indeed,  the  effect  of  AFQT  was  larger 
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than  any  other  variable  except  "experience"  (time  in  service  at  promotion 
to  the  source  grade) . 

The  large  and  consistent  impact  of  time  in  service  reflects  the  fact 
that,  this  variable  entered  the  promotion  decision  at  two  points  -through 
minimum  TIS  requirements  for  eligibility  and  in  the  calculation  o 
promotion  points.  A  correction  for  this  effect  was  attempted  by 
calculating  t.  and  t,  from  the  minimum  time- in-service  and  time  in  grade 
requirements. ^Nevertheless,  results  indicated  that  individuals  who 
received  rapid  promotion  through  the  lower  grades  were  held  up  by 
seniority  requirements.  One  would  expect  this  to  reduce  the  size  of  the 
effects  of  AFQT  and  education.  The  effect  of  race  is  genera  y  , , 
insignificant,  and  in  those  cases  where  it  is  significant,  it  is  as  like  y 
to  be  positive  as  negative.  The  coefficients  on  gender  are  remarkably 
strong  and  consistent,  revealing  that  women  tend  to  be  promoted  more 
slowly  than  men  in  all  jobs  and  in  both  grades  examined.  It  is 
interesting  to  note  that  this  effect  is  smallest  for  both  E5  and  E6 
promotions  in  the  MOS  (63B,  Wheel  Vehicle  Mechanics) that  is  ^ 

least  traditional  for  women.  In  fact  the  effect  of  gender  on  promotion  to 
E6  in  this  MOS  is  insignificant. 

In  order  to  more  directly  evaluate  the  magnitude  of  the  effect  of 
test  scores  on  promotion  times,  the  coefficients  were  used  to  generate 
times  to  promotion  for  different  education  levels  and  AFQT  scores.  These 
projections  are  presented  in  Tables  3  and  M. 

In  general,  the  promotion  times  are  longer  than  those  actually 
observed  because  the  model  provides  estimates  of  what  would  occur  if 
everyone  remained  in  the  service  long  enough  to  be  promoted.  While  this 
may  appear  unrealistic,  it  is  neccessary  to  allow  Sf^^^^^^^ation  of  the 
findings  beyond  the  particular  policy  context  in  which  the  model  was 
estimated.  This  does  mean  that  the  projections  should  be  interpreted 
relative  to  each  other,  rather  than  as  predictions  of  actual  promotion 

rates. 

The  projections  reveal  clearly  the  substantial  effect  of  AFQT  on  time 
to  promotion.  A  high  school  graduate  with  an  AFQT  score  of  60 
promoted  to  E-5  between  2  and  9  months  faster  than  a  similar  soldier  wi 
Ld  AFQT  of  40,  and  to  E-6  from  2  to  18  months  sooner.  These  differences 
translate  into  proportional  effects  of  between  8  and  19  percent  for  E-5 
promotions  and  6  to  14  percent  for  promotions  to  E-6. 

The  effects  of  both  AFQT  and  education  tend  to  be  smaller  for  combat 
than  for  non-combat  MOS.  This  finding  may  reflect  the  greater  importance 
in  non-combat  Jobs  of  the  cognitive  skills  measured  by  ^ 

However,  such  an  interpretation  should  be  made  with  caution.  This  result 
may  also  reflect  higher  rates  of  migration  and  exit  from  combat  MOS,  a 
phenomenon  that  would  tend  to  increase  opportunities  for  advancement  an 
reduce  the  selectivity  of  the  promotion  process,  with  the  net  result 
being  a  reduction  of  the  effect  of  performance  as  opposed  to  simple 
longevity  as  a  determinant  of  promotion. 
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TME  1 

DURAHCN  Mm.  OOEFFICUMTS  PW  EJ»  to  E5  HOOTICNS 
BASE  Mm 


11B 

19E 

31V 

51B 

54E 

63B 

71L 

76Y 

INT 

-7.6517* 

(0.1015) 

-7.^1008* 

(0.15il2) 

-8.3743* 

(0.4750) 

-11.8576* 

(0.9353) 

-6.8836* 

(0.29W) 

-11.5796* 

(0.2038) 

-11.0765* 

(0.2147) 

-8.9617* 

(0.1932) 

EDUC 

0.07?9* 

(0.0083) 

0.0638* 

(0.0125) 

0.0487 

(0.0373) 

0.2580* 

(0.0735) 

0.0717* 

(0.0231) 

0.234?^ 

(0.0159) 

0.2502* 

(0.0137) 

0.1076* 

(0.0151) 

APQT 

0.0089* 

(0.0003) 

0.0075* 

(0.0005) 

0.0044* 

(0.0014) 

0.0115* 

(0.0019) 

0.0029* 

(0.0011) 

0.0083* 

(0.0006) 

0.0111* 

(0.0007) 

0.0041* 

(0.0007) 

MSTAT 

-0.1611* 

(0.0195) 

-0.2403* 

(0.0332) 

-0.3011* 

(0.0878) 

-0.1330 

(0.1180) 

0.0178 

(0.0556) 

-0.0377 

(0.0346) 

-0.0757* 

(0.0382) 

-0.0428 

(0.0377) 

RACE 

-0.0767* 

(0.0181) 

0.0252 

(0.0269) 

0.0006 

(0.0699) 

-0.0953 

(0.0994) 

-0.0067 

(0.0506) 

0.1309* 

(0.0293) 

-0.0841* 

(0.0344) 

0.0048 

(0.0308) 

NDEP 

-0.02JI9* 

(0.0075) 

0.0186 

(0.0135) 

0.00^6 

(0.0408) 

-0.0276 

(0.0545) 

0.0366* 

(0.0182) 

-0.0236 

(0.0135) 

-0.0883* 

(0.0147) 

-0.0473* 

(0.0154) 

ITS 

0.0150* 

(0.000?) 

0.0200* 

(0.0004) 

0.0171* 

(0.0017) 

0.0072* 

(0.0025) 

0.0130* 

(0.0013) 

0.0259* 

(0.0006) 

0.0223* 

(0.0005) 

0.0180* 

(0.0006) 

SEX 

m** 

-0.4202 

(0.2706) 

**** 

-0.1167 

(0.0811) 

0.0112 

(0.0736) 

-0.6015* 

(0.0484) 

-0.0162 

(0.0443) 

GED 

-0.2290* 

(0.0230) 

-0.3617* 

(0.0377) 

-0.1048 

(0.0862) 

-0.4001* 

(0.1387) 

-0.4136* 

(0.0615) 

-0.1034* 

(0.0370) 

-0.3426* 

(0.0533) 

-0.1547* 
(0.0401 ) 

YCE78 

0.2008* 

(0.0210) 

0.2305* 

(0.0343) 

1 .4310* 
(0.1142) 

1.0559* 

(0.1412) 

0.2427* 

(0.0695) 

1.5900* 

(0.0590) 

2.9178* 

(0.09^) 

0.9749* 

(0.0506) 

YCE79 

0.02S 

(0.0228) 

0.1031* 

(0.0309) 

0.7858* 

(0.1237) 

0.6426* 

(0.1540) 

-0.0469 

(0.0711) 

1.1096* 

(0.0618) 

2.0118* 

(0.1013) 

0.6211* 

(0.0526) 

YCE80 

-0.0061 

(0.0232) 

-0.0515 

(0.0322) 

0.6127* 

(0.1303) 

0.4776* 

(0.1519) 

0.0490 

(0.0696) 

0.8819* 

(0.0648) 

1.5273* 

(0.1084) 

0.5175* 

(0.0562) 

C 

1 .7863* 
(0.0087) 

1.8343* 

(0.0141) 

1.8463* 

(0.0423) 

2.0438* 

(0.0510) 

1 .6944* 
(0.0240) 

1.7737* 

(0.0139) 

1.2648* 

(0.0133) 

1.8046* 

(0.0140) 

GRD*DIR 

0.0037 

0.0263 

0.0001 

0.0004 

0.0001 

0.0379 

0.2534 

0.0001 

LLF 

-52519.9582  - 

-21774.0642 

-2855.6770 

-2231 .8764 

-5417.4679  - 

-20553.6762  - 

-15369.5528  - 

-17227.3148 

NOBS 

329^11 

12066 

2235 

1956 

2825 

16522 

13768 

10994 

TABLE  2 

DWWnCN  KXMi  COEFFICIENTS  FDR  E5  to  E6  HOCTICNS 
BASE  FDDEL 

_ 31V _ _ 63B  _ 71L  _ JS^ 


m 

-10.2967* 

(0.1480) 

-11.7765* 

(0.2546) 

-8.1477* 

(0.9813) 

EDUC 

0.1061* 

(0.0113) 

0.1646* 

(0.0199) 

0.1466 

(0.0770) 

Apgr 

0.0057* 

(0.0004) 

0.0052* 

(0.0007) 

0.0088* 

(0.0027) 

MSTAT 

-0.0060 

(0.0269) 

-0.0312 

(0.0403) 

-0.1076 

(0.1734) 

RACE 

-0.0511* 

(0.0198) 

-0.0304 

(0.0385) 

0.0141 

(0.1227) 

^DEP 

-0.0836* 

(0.0073) 

0.0111 

(0.0125) 

0.0671 

(0.0457) 

TIS 

0.0179* 

(0.0002) 

0.0222* 

(0.0004) 

0.0182* 

(0.0020) 

®C 

**** 

**** 

**** 

-0.6595 

(0.6152) 

GED 

-0.0403 

(0.0220) 

-0.0035 

(0.0334) 

0.0345 

(0.1318) 

Y0R77 

1.3784* 

(0.0333) 

0.9639* 
(0.0441 ) 

3.6891* 

(0.2098) 

Y0R78 

1.0002* 

(0.0333) 

0.6444* 

(0.0524) 

1.8551* 

(0.2543) 

Y0R79 

0.6914* 

(0.0330) 

0.4979* 

(0.0481) 

1 .4078* 
(0.2267) 

C 

2.0156* 

(0.0124) 

0.7054* 

(0.0309) 

GRD*DIR 

0.0405 

0.0003 

0.0009 

ILF 

-24488.1578  - 

-10373.1817 

-1328.5505 

NOBS 

17303 

7715 

1093 

-8.9233* 

(0.3293) 

-14.8862* 

(0.3383) 

-11.3869* 

(0.3561) 

-8.5093* 

(0.2632) 

0.0420 

(0.0235) 

0.1242* 

(0.0235) 

0.1928* 

(0.0227) 

0.0695* 

(0.0196) 

0.0060* 

(0.0010) 

0.0080* 

(0.0008) 

0.0123* 

(0.0011) 

0.0048* 

(0.0009) 

0.2646* 

(0.0723) 

0.1017 

(0.0645) 

0.2643* 

(0.0629) 

0.0346 

(0.0500) 

0.0302 

(0.0499) 

O.O3O6 

(0.0436) 

-0.2097* 

(0.0470) 

-0.0195 

(0.0368) 

0.0058 

(0.0186) 

0.0591* 

(0.0134) 

-0.0798* 

(0.0180) 

-0.0101 

(0.0157) 

0.0186* 

(0.0009) 

0.0245* 

(0.0004) 

0.0059* 

(0.0011) 

0.0102* 

(0.0007) 

-0.4767* 

(0.1270) 

-0.4502* 

(0.2269) 

-0.6612* 

(0.0668) 

-0.3562* 

(0.0723) 

0.1117* 

(0.0551) 

-0.0280 

(0.0340) 

-0.2254* 

(0.0700) 

-0.0462 

(0.0462) 

1.4540* 

(0.0828) 

2.6453* 

(0.1452) 

2.0817* 

(0.1134) 

1 .5024* 
(0.0598) 

1 .0535* 
(0.0^4) 

2.0647* 

(0.1541) 

1.0484* 

(0.1281) 

1 .0106* 
(0.0609) 

0.7846* 

(0.0811) 

1 .4226* 
(0.1464) 

0.6247* 

(0.1279) 

0.7279* 

(0.0646) 

1 .7065* 
(0.0259) 

2.2852* 

(0.0213) 

1 .5070* 
(0.0231 ) 

1.6262* 

(0.0160) 

0.0001 

0.1741 

0.0004 

0.0003 

•4188.5707 

-9091 .6666 

-9107.3756  - 

-10984.5066 

2559 

7972 

7326 

6501 

TAELE  3 

PROJBCTH)  TINE  TO  mCTICN 
BASEMXSL 
E4  to  E5 


FEMALES 


1 - rr 

1  APQT  11 
1  11 


1 - rr 

1  RACE  U 
1  11 


HIGH 


UM 


WHITE 


BLAOC 


IT 

11 

11 

-rr 


WHITE 


ELAC3C 


1 

1 

“1 

1 

1 

“1 


r- 

1 

1 

T- 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


- ir 

EDUC  11 
11 

- rr 

31V  u 
11 


'^E 


11 
11 
u 
11 

63B  11 

11 
11 

71L  11 

11 

u 

76Y  11 

11 
11 


NCNHS 


- r 

HSDG  1 
1 


NCNHS  HSDG 


1J8.64 

(7.33) 

28.68 

(1.55) 

54.57 

(2.43) 

135.49 

(2.76) 

40.98 

(1 .21 ) 


45.99 

(6.78) 

23.76 

(1.16) 

46.60 

(1.94) 

116.49 

(2.98) 

;6.81 


36.f 

(O.c 


0.97) 


48.63 

(7.39) 

28.79 

(1.61) 

50.70 

(2.39) 

138.42 

(2.69) 

40.87 

(1.25) 


11 
11 

- ir 

45.97  U 
(6.80)  11 
U 

23.85  U 
(1.16)  11 
11 

43.29  U 
(1.90)  U 
U 

120.21  U 
(2.93)  U 
U 

36.71  11 
(0.98)  U 
11 


NCNHS 


HSDG  1  NCNHS 
1 


HSDG 


51 .61 
(7.83) 

29.95 

(1.59) 

61 .25 
(2.72) 

144.62 

(2.35) 

43.36^ 

(1.27) 


48.79 

(7.26) 

24.81 

(1.21) 

52.34^ 

(2.20) 

128.27 

(2.73) 


.94 

1.02) 


51 .59 

(7.82) 

30.07 

(1.56) 

56.93, 

(2.62) 

147.06 

(2.18) 

43.24 

(1 .22) 


48.78 

(7.22) 

24.91 

(1.11) 

48.63 

(2.09) 

131 .53, 
(2.51) 

5.8; 
(0.9 


MATES 


1 - rr 

1  APCir  11 
1  11 


HICH 


LOW 


1 - rr 

1  RACE  11 
1  11 


WHITE 


BLACK 


-rr 

11 

11 

-rr 


WHTIE 


BLACK 


- r 

HSDG  1 
1 


1 

1 

1 

1 

1 

-1 


1 - rr 

1  EDOC  11 
1  11 


NCNHS  HSDG  1  NCNHS  HSDG 
1 


11 

11 

-rr 


NCNHS 


NCNIB  HSDG 


T" 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


igE 


31V 


- rr 

11B  11 

11 
11 
11 
11 
11 
u 
11 
11 

51B  U 

u 

11 

54E  11 

u 

11 

63B  11 

11 
11 

71L  11 

U 
U 

76Y  U 
U 


26.95 

(0.24) 

23.04 

(0.31) 

38.74 
(1 .73) 

44.86 

(2.61) 

26.77 

(0.81) 

54.92 

(1.16) 

110.42 

(3.14) 

40.62 

(0.88) 


24.29 

(0.16) 

20.50 

(0.20) 

36.63, 

(1.39) 

;6.19 
34) 


87.; 

(2.? 


)) 


16.48 


36. 

to. 


28.14 

(0.36) 

22.73 

(0.43) 


22.18 

(0.57) 

46.90 

(0.89) 


25.36 

(0.26) 

20.22 

(0.31) 


^.73  ,  36.1 

(2.12)  (1. 


0.70) 


47.00 

(3.35) 

26.88 

(1.04) 

51 .02 
(1.31) 

114.31 

(3.21) 

40.51 

(0.98) 


6.61 
72) 

22.27 

(0.71) 

43.56 

(0.99) 

91 .60 
(2.93) 


16.38 

0.76) 


30.51 

(0.26) 

25.54 

(0.31) 

41.11 
(1 .78) 

51 .65 
(3.01) 

27.96 

(0.80) 

61 .64 
(1.19) 


11 
U 
11 
11 
11 
11 
11 
11 
11 
U 
11 
11 
11 
11 
U 
U 
11 
11 

U  122.84 

(2.88) 


U 

11 

U 

11 


27.50, 

(0.19) 

22.72 

(0.21) 

38.86 

(1 .47) 

41.67 
(1 .60) 

23.16 

(0.59) 

52.67, 

(0.90) 

101 .22 
(2.86) 


42.97 

(0.90) 


:1.85 
35) 


.  .59 
0.71) 


25.19 

(0.41) 

41 .09 
(2.03) 

54.11 

(3.49) 

28.07 

(0.91) 

57.29, 
(1 .25) 

1^.33, 

(2.75) 

42.86 

(0.89) 


^.70 

(0.26) 

22.41 

(0.29) 

38.85 

(1.64) 

43.66 

(2.12) 

23.25 

(0.60) 

48.93 

(0.91) 

105.31, 

(2.73) 

38.49 

(0.66) 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


TABLE  4 

PROJECTED  TIME  TO  PRCMDTICN 
BASE  MM)EL 
E5  tx)  E6 


FEMALES 


1 - ir 

1  APOT  11 
1  11 

- rr 


r 

1 

1 


RACE 


11 
11 

- rr 

1  EDOC  u 
1  11 


HIGH 


LOW 


WHITE 


BLACK 


NCNFB  HSDGl  NCMB  KSDG 
1 


TT 

11 

11 

TT 

11 

11 

-rr 

u 

11 

11 

u 

11 

u 

u 

11 

11 

u 

11 

11 

u 

u 

11 


WHITE 


ELAQC 


NCNHS 


- r 

HSDG  1 
1 


NCHHS  HSDG 


1 

1 

1 

1 

1 

1 

1 

1 

1 


T* 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


TT 
11 
U 
11 
11 
11 
11 
11 
11 
11 

TIL  11 
11 
11 
11 
U 
11 


31V 


5IE 


63B 


76Y 


152.38 

(15.74) 

54.86 
(  4.18) 

115.39, 
9.24) 


(  9. 

143.48 
(  3.19) 

60.63 
(  2.®) 


151 .41 
(15.87) 

57.06^ 
(  4.17) 

112.41 

(  9.26) 

132.00 
(  3.16) 

57.82 
(  2.50) 


152.03 

(16.27) 

53.90^ 
(  4.24) 

114.20 
(  9.41) 

149.41 

(  2.82) 

61 .34 

(  2.93) 


151 .05 

(16.32) 

56.07 
(  4.16) 

111.21 

(  9.40) 

139.31 
(  2.&) 

58.51 
(  2.52) 


157.40  156.58 
(13.17)  (13.32) 


62.21 

)  (  4.66) 


123.01  120.13, 

(  i.92)  (  9.03) 

151.91  142.46 
(  2.69)  (  2.84) 

65.12  62.14^ 

(  3.12)  (  2.75) 


1 
1 
1 

58.79  61.14  1 

(  4.58)  (  4.52)  1 

1 
1 
1 
1 
1 
1 
1 
1 
1 


157.10^ 

(13.55) 


121.86 
(  9.06) 


156.28 

(13.63) 


118.97 
(  9.15) 


156.65  148.52 
(  2.27)  (  2.37) 


65.88 

(  3.08) 


62.87 

(  2.66) 


MA1£S 


1 - rr 

1  APQT  11 
1  11 


HIGH 


LOW 


1 

1 

1 


1 - rr 

1  RACE  11 
1  11 


WHITE 


ELAOC 


Tr 

U 

11 

-rr 

11 

11 

nr- 

11 

11 

11 

11 

11 

11 

11 

u 

11 

11 

11 

u 

u 

11 

11 

u 

11 

11 

11 

u 

11 


WHITE 


BLACK  1 
1 


1 - rr 

1  EDUC  11 
1  11 

T- 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


19E 


3IV 


5>E 


63B 


76Y 


NOffB  HSDG  1  NCHHS  HSDG 


NCNH5 


HSDG  1  NCHHS 
1 


HSDG 


- rt— 

11B  11 

11 
11 
11 
11 
11 
11 
11 
11 
11 
n 
11 
11 
11 
11 

71L  U 
11 
11 
11 
n 
11 


40.49 
(  0.52) 

40.14 

(  0.66) 

131.15 

(  6.90) 

41.51 
(  1.52) 

97.77^ 
(  3.56) 

119.29 
(  3.99) 

48.82 

(  1.61) 


38.39 

(  0.42) 


,37.73, 

(  0.53) 

129.59 
(  6.14) 

43.19 

(  1.34) 

94.82 
(  3.40) 

104.03 

(  3.32) 

46.52 

(  1.22) 


41 .53 
(  0.63) 

40.69 
(  0.92) 

130.58^ 

(  8.10) 

40.78 
(  1.79) 

96.59 
(  3.81) 

49.41 
(  1.67) 


,39.38, 

(  0.51) 

38.25 

(  0.75) 

129.01 

(  6.98) 

42.43 
(  1.53) 

,93.65, 
(  3.61) 

113.55 

(  3.38) 

47.08 

(  1.26) 


43.48 
(  0.56) 

42.5^ 

(  0.69) 

(  5.80) 

45.31, 

(  1.70) 

105.62 
(  3.56) 

131 .59, 
(  3.54) 

52.53, 
(  1.65) 


41 .2 
(  0. 


44.60 
(  0.64) 


40.01  43.15 

(  0.58)  (  0.87) 

138.00  138.86 
(  5.29)  (  6.50) 

47.14  44.52 

(  1.57)  (  1.80) 

102.61  104.42 
(  3.45)  (  3.71) 

117.86  138.95, 
(  3.20)  (  3.22) 

50.06  53.16, 

(  1.26)  (  1.62) 


42.29  1 

(  0.49  1 

40.56  1 

(  0.70  1 
137.49  1 

(  5.57  1 
46.32  1 

(  1 .54  1 

101.41  1 

(  3.57  1 

126.52  1 

(  2.94  1 

50.66  1 

(  1.18  1 
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ASSIGNING  NON-GRADS  TO  MINIMIZE  ATTRITION 


QUESTION  . 

It  appesiirs  that  an  increase  in  non— HSDG  accessions  over  1988 
levels  will  be  required  to  meet  FY89  accessions  goals.  It  has 
been  well  established  that  non-hsdg  recruits  are  much  more  likely 
to  attrit  before  completing  their  first  term.  What  can  be  done 
to  minimize  the  effect  of  the  additional  non-grad  accessions  on 
first-term  attrition  rates? 

BACKGROUND  .  _ 

Previous  ARI  research  (e.g.,  Manganaris  and  Schmitz,  1984) 
has  suggested  that  the  differential  between  attrition  rates  for 
grads  vs  non-grads  varies  significantly  across  MOS.  If  this  is 
true,  then  it  should  be  possible  to  mitigate  the  effects  of  an 
increase  in  non-grad  accessions  by  channelling  non-grads  into  MOS 
where  the  attrition  differentials  are  smallest,  and  reducing  the 
numbers  of  non-grads  assigned  to  MOS  where  the  differentials  are 
high.  The  purpose  of  this  analysis  is  to  (a)  determine  whether 
cross-MOS  differences  in  grad/non-grad  attrition  rates  are  stable 
over  time;  (b)  if  so,  to  classify  MOS  in  terms  of  their 
suitability  for  non-grads;  and  (c)  to  determine  the  number  of 
non-grads  that  can  be  accommodated  in  these  MOS  and  roughly 
estimate  the  impact  of  these  additional  accessions  on  overall 
attrition  rates. 

APPROACH 

step  1:  Stability  analysis.  Preliminary  analyses  of 
attrition  data  for  accessions  cohorts  over  the  period  1982-1985 
showed  considerable  instability  in  MOS  differences  in  HSDG/non- 
HSDG  attrition  rates  over  time.  This  appears  be  t^e  for  three 
main  reasons:  First,  because  of  variations  over  time  in  other 
factors  that  affect  attrition  rates  such  as  proportion  of  two 
year  seats,  proportion  of  female  accessions  and  AFQT 
distributions;  Second,  because  of  variations  across  MOS  in  the 
reliability  of  the  relationship  between  HSDG  status  and 
attrition;  and  third,  because  of  changes  in  policies  and 
practices  within  MOS  from  year  to  year.  We  did  not  have  access 
to  the  information  required  to  control  for  the  third  factor,  but 
we  were  able  to  at  least  partially  address  the  first  two 

factors .  .  ^  ^ 

We  controlled  for  variations  in  applicant  characteristics  by 
estimating  separate  multiple  logistic  regression  equations  for 
each  MOS  in  each  year,  as  well  one  equation  for  each  MOS  using 
the  pooled  data  from  all  three  years.  (Note:  In  order  to  do 
this  the  analysis  was  restricted  to  those  MOS  that  had  at  least 
30  non— grad  accessions  in  two  of  the  three  years.  The  resulting 
sample  covered  50  MOS  with  roughly  85,000  NPS  accessions.)  The 
equations  included  terms  for  black,  female,  I— IIIA,  and  two-year 
enlistees  as  well  as  HSDG  status.  This  approach  provided  a 
considerable  increase  in  the  stability  of  the  HSDG  differential 
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across  years.  Stability  was  further  increased  by  adjusting  each 
coefficient  by  its  standard  error  (using  the  upper  95%  confidence 
limit  of  the  coefficient  rather  than  its  mean) .  By  using  the 
adjusted  coefficients,  we  were  able  to  obtain  a  set  of  rank^ 
orderings  of  the  MOS  in  our  sample  that  were  generally  consistent 
across  all  three  years. 

step  2;  MOS  classification.  To  classify  the  MOS  in  terms 
of  their  suitability  for  non-grads,  we  first  examined  the  results 
of  the  year-by-year  regression  equations  and  grouped  the  MOS  into 
four  groups:  Group  I  includes  MOS  with  consistently  very  low 
differentials.  Group  II  contains  MOS  with  somewhat  higher 
differentials  that  were  nevertheless  consistently  below  average. 
Group  III  is  made  up  of  MOS  with  differentials  that  were  either 
consistently  above  average  or  unstable  across  years.  Group  IV  is 
the  MOS  with  consistently  high  differentials.  We  then  used  the 
pooled  adjusted  coefficient  estimates  to  obtain  a  similar 
grouping,  and  compared  these  groups  with  those  obtained  from  the 
single  year  estimates.  The  composition  of  the  groups  was 
virtually  identical,  thus  allowing  us  to  use  the  pooled  estimates 
as  both  a  basis  for  classification  and  to  estimate  the  attrition 
impacts  of  various  allocations  of  non-grads  across  the  four 
groups.  Summary  descriptions  of  the  groups  are  provided  in  Table 
1.  The  last  column  of  this  Table  provides  the  estimated 
percentage  change  in  attrition  that  will  result  from  a  five 
percent  increase  in  the  proportion  of  non-grads  in  each  group. 
Tables  2-5  show  the  MOS  in  each  group. 

step  3:  Recommended  allocations  and  feasibility  analysis. 

The  recommended  allocations  for  each  group  are  '*rule-of-thumb'' 
estimates.  We  began  with  an  assumption  that  extremely  large 
changes  in  non-grad  content  are  probably  inadvisable  on  the 
basis  of  our  results  as  well  as  infeasible.  We  therefore  limited 
the  maximum  proportion  of  non-grads  to  30%  for  Group  I.  Our 
tentative  recommendation  for  Group  II  is  20%  maximum  non-grad 
fill.  For  Group  III,  which  includes  MOS  which  show  significant 
variability  across  years  as  well  as  those  with  somewhat  higher 
than  average  differentials,  we  suggest  a  maximum  of  10% 
slightly  below  the  historical  average  of  11.5%  for  the  1982-1985 
period  in  these  MOS.  Finally,  we  suggest  a  maximum  of  5%  non¬ 
grad  content  in  the  Group  IV  MOS,  which  show  consistently  high 
differentials  between  grad  and  non-grad  attrition  rates.  A  more 
precise,  and  somewhat  more  efficient  allocation  could  be  obtained 
by  using  an  optimization  procedure  to  obtain  rates,  either  by 
group  or  for  each  MOS.  Time  constraints  have  precluded  such  an 
exercise  for  this  analysis,  but  this  could  be  easily  done. 

To  determine  the  overall  potential  for  added  FY89  non-grad 
accessions  resulting  from  this  proposal,  we  needed  to  account  for 
the  fact  the  MOS  are  already  partially  filled.  To  do  this,  we 
subtracted  the  current  MOS  fill,  as  of  31  December  1988  from  the 
total  FY89  NFS  accessions  target,  and  then  used  the  minimum  of 
this  number  and  the  suggested  percentage  of  total  accessions  as 
our  suggested  non-grad  fill  for  the  remainder  of  FY89.  The 
result  is  a  total  non-grad  content  for  the  50  MOS  of  11,938, 
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roughly  14%  of  total  accessions  in  these  MOS.  The  numbers  for 
each  group  appear  in  Tables  2-5. 

RESULTS 

Table  6  summarizes  the  predicted  attrition  effects  of  the 
suggested  allocation  and  compares  these  to  the  rates  that  would 
occur  if  the  same  number  of  non-grads  were  allocated  across  MOS 
in  the  same  way  they  were  over  the  1982-1985  period.  The  rates 
in  Table  6  are  predicted  percentage  changes  in  attrition  rates 
that  would  result  from  an  increase  in  non-grad  content  in  these 
MOS  from  11.5%  (the  82-85  average)  to  14.1%  (our  suggested 
feasible  fill) .  The  suggested  allocation  will  increase  expected 
attrition  in  the  Group  I  and  II  MOS,  but  that  this  increase  will 
be  more  than  offset  by  reductions  in  Groups  III  and  IV.  Overall, 
the  results  indicate  the  increase  from  11.5%  to  14.1%  would 
increase  attrition  by  1.93%  if  historical  allocation  patterns 
were  followed,  but  that  reallocation  could  actually  reduce  the 
rate  by  .87%.  If  one  assumes  a  rate  for  11.5%  non-grads  of  30% 
attrition,  this  translates  into  new  rates  of  30.6%  versus  29.9% 
for  14.1%  non-grad  content,  or  a  difference  of  roughly  590 
attritions  in  these  MOS . 
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Table  1.  Summary  of  MOS  Attrition  Groups 


Nongrad 

Attrition 

Group 

Number 
of  MOS 

Target 

Accessions 

Percent 

Empty 

5%  nongrads 
increases 
%  attrition 

I. 

9 

5247 

36% 

0.7% 

H 

H 

• 

12 

32680 

44% 

1.0% 

III. 

18 

34613 

51% 

1.1% 

IV. 

11 

11920 

42% 

1.3% 

Total 

50 

84460 

46% 

1.1% 
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Table  2.  MOS  with  Lowest  Non-Grad  Attrition 

(Group  I) 


MOS 

Target 

Accessions 

December 

Fill 

Empty 

Seats 

Suggested 

Non-Grad 

Target 

62E 

543 

412 

131 

131 

63Y 

405 

192 

213 

118 

62B 

481 

286 

195 

139 

43E 

561 

405 

156 

156 

63N 

114 

78 

36 

27 

63D 

378 

158 

220 

112 

63T 

1021 

513 

508 

303 

52C 

355 

192 

163 

106 

76V 

1389 

1105 

284 

284 

Total 

5247 

3341 

1906 

1377 

YTD.  Non  Grad  Fill 

88 

Total  Non  Grad  Fill 

1465 

Of  the  empty  seats  72%  should  be  filled  with  non-grads. 
The  result  will  be  28%  of  these  MOS  will  be  filled  with 
non-grads . 


Table  3 
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MOS  with  Lower  Non-Grad  Attrition 
(Group  II) 


MOS 

Target 

Accessions 

December 

Fill 

Empty 

Seats 

Suggested 

Non-Grad 

Target 

71L 

1423 

1266 

157 

157 

3  IK 

1829 

970 

859 

342 

16R 

610 

257 

353 

106 

55B 

789 

401 

388 

154 

IIX 

17425 

9895 

7530 

2164 

94B 

3347 

1539 

1808 

597 

75D 

136 

118 

18 

18 

13M 

696 

276 

420 

135 

88M 

4804 

2704 

2100 

739 

82C 

510 

356 

154 

99 

63E 

610 

299 

311 

121 

15E 

501 

271 

230 

76 

Total 

32680 

8352 

14328 

4708 

YTD.  Non  Grad  Fill 

171 

Total  Non  Grad  Fill 

6424 

Of  the  empty  seats  33%  should  be  filled  with  non-grads. 
The  result  will  be  20%  of  these  MOS  will  be  filled  with 
non-grads . 


Table  4.  MOS  with  Higher  Non-Grad  Attrition 

(Group  III) 


MOS 

Target 

Accessions 

December 

Fill 

Empty 

Seats 

Suggested 

Non-Grad 

Target 

63B 

3406 

1730 

1676 

204 

13F 

1290 

853 

437 

54 

13B 

4831 

3117 

1714 

203 

16X 

1095 

439 

656 

81 

54E 

1317 

684 

633 

106 

91A 

4206 

3328 

878 

384 

19D 

2404 

999 

1405 

139 

16P 

456 

241 

215 

20 

19X 

3654 

1925 

1729 

342 

52D 

1427 

719 

708 

129 

16S 

1063 

724 

339 

40 

95B 

4600 

3275 

1325 

434 

12C 

408 

265 

143 

38 

63W 

1178 

793 

385 

111 

45K 

227 

139 

88 

22 

63H 

613 

321 

292 

59 

72E 

848 

473 

375 

81 

76C 

1590 

823 

767 

141 

Total 

34613 

20848 

17530 

2587 

YTD.  Non  Grad  Fill 


Total  Non  Grad  Fill 


875 


3462 


Of  the  empty  seats  19%  should  be  filled  with  non-grads. 
The  result  will  be  10%  of  these  MOS  will  be  filled  with 
non-grads . 
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Table  5.  MOS  with  Highest  Non-Grad  Attrition 

(Group  IV) 


Target 

Accessions 

December 

Fill 

Empty 

Seats 

Suggested 

Non-Grad 

Target 

31M 

1061 

566 

495 

44 

63S 

1050 

575 

475 

48 

3 1C 

1861 

1108 

753 

21 

31V 

1060 

573 

487 

45 

12B 

3528 

1918 

1610 

84 

76Y 

2148 

1205 

943 

86 

62F 

219 

167 

52 

9 

44N 

45 

25 

20 

0 

67N 

392 

404 

0 

0 

67Y 

362 

227 

135 

18 

67V 

194 

193 

1 

1 

Total 

11920 

6961 

4959 

357 

YTD.  Non  Grad  Fill 

219 

Total  Non  Grad  Fill 

576 

Of  the  empty  seats  7%  should  be  filled  with  non-grads. 
The  result  should  be  5%  of  these  MOS  will  be  filled  with 
non-grads . 
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Table  6.  The  Effect  on  Attrition  of  Increasing  Non-grads 

from  11.5%  to  14.1% 


Non-grad 

Attrition 

Groups 

Percentage  Change  in  Attrition 
basing  assignment  of  nongrads  on 

Traditional 

patterns 

ARI  Suggested 
patterns 

Lowest 

1.51% 

7.56% 

Lower 

1.75% 

1.69% 

Higher 

2.02% 

-2.74% 

Highest 

2.42% 

-7.27% 

Total 

1.93% 

-0.87% 
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I.  nanxocnai 


0|)era.'ticns  reseaixh  dsvelcped  many  ’techniques  'to  djaopEove  the 
Hatching  of  soldiers,  sailors,  and  airmen  wi-th  military  sikill  requirements. 
TWO  iiqportant  questions  must  be  asked  of  any  pxposed  changes  to 
claissifica'tion  and  assignment  systems: 

o  What  improvements  will  be  generated  by  policy  changes? 

o  Will  the  improvements  be  worth  implementing? 

T^is  peper  provides  a  framework  for  addressing  these  questions  for  Amy 
recruit  classification  and  assignment.  First,  several  alternative  policies 
are  identified  for  consideration.  Ihen,  simulations  are  perfcjrmed  \Aiich 
answer  the  first  of  these  questions:  how  each  alternative  is  likely  to  affect 
predicted  soldier  performance.  Finedly,  two  models  are  developed  to  2issess 
the  benefits  of  improved  performanoe.  Botdi  of  'these  methodologies  find  that 
there  are  substantial  benef  i'ts  that  can  be  achieved  throu^  an  improved 
assigninent  system. 

II.  SDDlAaiNG  HtEDICTBD  EERFOCMANCE  CBANGES 

Recruit  eissignment  has  two  objectives.  First,  edl  training  seats  must 
be  filled.  Second,  one  desires  to  fill  seats  with  the  best  perfomdng 
candidates  available. 


This  section  presents  arO.  describes  the  results  of  a  series  of 
simulations  of  the  assignments  tiiat  wculd  result  under  different  assignment 
policies.  Tuo  kinds  of  realistic  policies  are  considered,  the  Amy's  current 
and  assignment  systam  and  the  Enlisted  Personnel  Allocation 
System  (EPAS),  described  in  Schmitz  and  McMhite  (1986).  Finally,  policies 
%4iicii  are  not  necessarily  "realistic"  are  also  investigated.  That  is,  the 
performance  gairs  they  indicate  ni^t  not  actuzdly  be  achieved  in  practice. 
However,  alternatives  provide  useful  information  on  the  way  information 

on  the  predicted  perfcamanoe  of  recruits  is  used,  and  can  aid  in  the 
interpretation  of  more  operational  models. 

Hie  policies  simulated  were  as  follows: 

1.  Random  Assignment.  Recruits  were  randomly  placed  into  jcbs.  Hiere  is  no 
attempt  to  use  classification  information. 

2.  Assignment  with  fiimprit  Job  Standards.  Classification  information  is 
avcdlable  and  job  qualifying  standards  are  in  use.  Candidates  are  assigned 
to  jobs  sequartially  (that  is,  in  the  order  they  actually  enlisted)  using 
the  nirr^n**  assignment  system.  However,  job  standards  are  generally  belcw 

*  the  selection  standards  —  that  is,  most  of  recruits  in  the  sanple  meet  the 
standards  for  most  jobs,  and  virtually  all  recruits  met  the  standard 
for  at  least  one  job. 

3.  Efficient  Assignment  with  Current  Job  Standards.  Candidates  are 
sequentially  assigned  to  jobs  using  EPAS.  While  job  standards  are  relatively 


low,  substantial  wei^t  is  placed  on  maxiinizing  predicted  perfonnanoe.  Biis 
alternative  also  \ised  inforaation  on  the  predicted  probability  of  oanpleting 
at  least  on  full  of  service  (vMch  varies  with  ttB  job  assignment)  to 
niniinize  predicted  attrition. 

4.  Optimal  Placement.  A  grocp  of  candidates  are  assigned  to  jobs  as  a  batdi 
(that  is,  as  if  the  entire  population  of  recruits  could  be  optimally  matched 
with  the  entire  set  of  job  openings  in  a  single  simultaneous  operation) .  A 
strai^itforward  linear  programning  routine  was  used  to  sinulate  tins 
alternative. 

5.  Naxinum  Placement,  candidates  eu::e  placed  into  jobs  for  vhicii  they  have 
the  highest  eg^tude  and  specific  job  requirements  are  ignored. 


The  maviTiimi  plaoemart  scenario  was  included  to  allow  us  to  establi^  a 
ceiling  against  which  other  approaches  could  be  ccnpared.  This  policy  is 
espected  to  provide  results  similar  to  the  Brogden  (1959)  estimate  of  the 
potential  gains  in  the  adJ-ocaticxi  average.  The  random  assignment  policy 
provides  a  corresponding  "floor".  The  optimal  placement  scenario  provides  an 
assessment  of  the  level  of  performance  tiiat  could  be  achieved  with  this 
population  while  meeting  actual  MDS  demands,  if  perfect  information  about 
*  sipply  and  demand  was  avcdlable.  The  difference  between  maxinum  and  optimal 
placement  indicates  the  degree  to  vhich  Brogden's  assunptions  overestimate 
the  potential  g^dns. 

Finally,  to  assess  the  payoff  from  sirply  changing  job  standards  rather 
than  the  assignment  system,  scenarios  are  evaluated  that  include  different 


occi^ational  ertoanoe  stanaards.  First,  classification  infomaticn  is  used 
as  in  tlie  previous  exanples,  but  all  job  stantiards  were  raised  by  5  ^>titude 
area  points  on  the  cxnposite  scale  (.25  standard  deviations)  to  be  more  in 
alignment  witti  selection  standards.  Bien  job  standards  %iere  increased  by  .5 
standard  deviations,  or  to  the  point  where  they  are  generally  higher  than  the 
selection  standards.  Note,  that  all  of  the  scenarios  assume  that  e^plicants 
will  enter  the  jobs  to  ^hioh  they  are  assigned. 

m.  DBVEECFING  A  SDDIAEECN  NXEL 

A  loey  aspect  of  job  assignment  research  is  the  developnnent  of  criteria 
for  measuring  performanoe.  Indicators  that  have  been  vised  in  the  past 
include  attrition  (Fernandez  and  Garfirikle  1985,  Nelson  and  Schmitz  1985) , 
training  performance.  Skill  Qualifications  Test  (SQT)  scores  (Schmitz  and 
Nelson  1984,  Fernardez  and  Garfinkle  1985) ,  prcmotion  (Ritler  1976)  and 
performanoe  on  job  simulations  (Nelson  et  al.  1985) .  Other  criteria  which 
have  been  considered  include  supervisor  ratings,  long-term  retention,  payroll 
exists,  and  achievement  of  awards  and  honors  (or  dishonors) .  Still  further 
ocnplesdty  is  introduced  if  aggregate  or  organizational  levels  of  performance 
are  considered. 

♦  « 

■ 

Ife  use  two  criteria  of  job  performanoe: 

o  SQT  performanoe 

o  Probehility  of  cxmpleting  the  enlistment  tour. 


Ttyagft  tuo  factors  measure  t»ro  major  aspects  of  first  term  jcb 
perfooBnoe:  how  well  the  person  performs  his  or  her  job  tedmically  and  how 
long  he  or  die  is  likely  to  perform  it.  Ihe  analysis  is  limited  to 
performanoe  gains  over  the  initial  enlistment  term.  First  of  all,  tiiis  is 
largely  the  period  affected  by  the  assignment  decision.  Most  soldiers  do  not 
remain  beyond  the  first  enlistment.  Also,  reenlistment  eligibili*^  is 
largely  determined  by  actual  job  performanoe,  not  performanoe  predicted  at 
the  entry  level. 

The  nine  aptitude  area  scores  used  for  job  assignment  are  the  predictors 
of  tectinirai  job  knowledge  used  in  this  analysis.  Ihe  valixiities  with  job 
performanoe  criteria  were  obtained  fiutu  Zeidner  (1987) . 

Considerable  work  has  be^  perfc»mied  on  attrition  and  its  relationdiip 
to  various  predictors  available  at  the  time  of  enlistment.  Studies  have 
identified  gender,  education,  APQT,  race,  age,  geographic  region,  and 
participation  in  the  EEP  as  factors  that  can  significantly  effect  attrition. 
Research  by  Buddin  (1981) ,  Eaton  and  NOgami  (1981) ,  Baldwin  and  Daula  (1985) , 
and  Manganaris  and  Schmitz  (1984,  1985)  has  all  ^Kwn  hew  attrition  patterns 
also  VEuy  considerably  by  ooccqpation  in  ttie  Amy. 

*  • 

» 

In  this  analysis  we  use  attrition  rate  estimates  developed  by  Manganaris 
and  Schmitz  (1984)  as  the  criteria  for  analysis.  Ihis  model  inclxades  M3S, 
AFBT,  gender,  occupation,  and  education  as  factors  eiffecting  attrition  rates. 
Ihe  Bcdel  develops  espected  attrition  rates  for  all  MDS  and  has  been 
incorporated  into  EPAS.  Ihus,  it  can  easily  provide  the  kinds  of  results 
desired  in  this  analysis. 


siTtiilation  Results 


Qhe  sinulstti-ons  ware  csorried  cut  ty  assigning  ®  randcoi  SBDiple  5000 
recruits  frcoi  the  1984  Amy  accession  population  to  all  275  entry  level  MDS 
untaer  each  policy,  and  examining  the  predicted  job  perforaanoe  resulting  from 
each  policy.  Table  1  presatts  the  results  of  the  gains  in  job  performance 
predictors  that  result  frcm  the  alternative  assignment  policies  developed 
above. 


Amy's  current  assignment  system  produc3ed  an  average  ^titude  area 
score  of  107.5  for  the  job  a  recruit  was  actually  assigned  —  a  gain  over 
random  assignment  of  1.4  points  or  .07  standard  deviaticxis. 

There  are  several  reasons  for  this  relatively  small  increase  over  a 

random  assignment  policy.  First,  the  operational  system  is  dominated  hy 

ooncems  other  than  maximizing  job  performance.  The  majority  of  emphasis  is 

pl^^TPri  vqpon  filling  requirements.  A  hi^  penalty  in  terms  of  wasted 

training  resources  and  lower  organizational  productivity  is  paid  by  the  Amy 

if  it  faiig  to  fill  avedlable  tredning  seats.  In  addition,  the  Anty  has 

restrictions  on  vhich  MDS  women  may  enter  and  the  nunber  \dio  may  enter  maiy 
« 

•  occcpations  as  well  as  APQT  distributional  requiremaits  for  all  MDS  to  insure 
that  no  job  is  entirely  filled  with  minimally  qualified  individuals.  Thus, 
with  the  uncertainties  of  a  seqaential  placement  system,  hi^  wei^it  is 
placed  vpon  sinply  filling  edl  job  demands. 

Largely  because  of  these  considerations,  classification  information  has 


little  effect  on  decisions  in  the  present  systan.  Test  soofres  tend  to  be 
used  prijDarily  to  eissure  tiiat  easignees  meet  miniiium  job  standeuxis.  Given 
that  the  average  candidate  greatly  exceeds  the  average  qualifying  score, 
standards  do  little  to  maximize  eiqected  job  performanoe. 

Ohe  results  of  the  EPAS  assignment  simulations  that,  idiile  the 
average  predictor  score  that  could  be  achieved  in  practice  is  lower  than 
that  resulting  from  the  optimal  placement  scenario,  the  expected  gain  over 
random  assignment  achieved  by  using  ERAS  ranges  from  3.87  to  4.22  e^jtitude 
area  points,  depending  on  the  job  standards  \ised.  Diis  represents  a  gain  of 
more  than  twice  the  difference  between  the  current  ^stem  and  a  policy  of 
random  assignment  of  the  recruit  population,  furthermore,  these  gains  are 
yriaHo  more  valuable  by  a  reduction  in  predicted  attrition  rate  of  0.4  percent. 

3V.  ESUMKEINS  IHE  VAIDE  Cff  HSXUCl'lVl'lY  GAINS 

For  purposes  of  selecting  a  system  design,  it  may  be  sufficient  to 
siaply  rank  the  results  among  alternatives.  However,  many  alternatives 
either  incur  substantial  cxmts  or  could  be  disruptive  to  current  operating 
procedures.  In  these  cases  it  is  important  to  convert  altraiatives  into  a 
ccmnnn  metric  for  oonpariscn. 

Ohe  most  connonly  used  netric  fc»:  making  such  ccnparisons  is  dollars. 
While  this  may  not  always  be  the  most  sppropriate  measure,  it  is  frequently 
called  vpon  vhen  resource  decisions  are  made.  Both  personnel  peychology  and 
economics/operations  research  have  provided  approaches  for  estimating  the 
benefits  and  costs  of  classification  and  assignment.  Exasples  of  each 


2^roach  are  used  to  evaluate  the  eOwve  policy  alternatives. 


Parscmd.  Bsvctioloqy 

Psychologists  have  long  reoognized  tiie  relation^iip  between  iaproveaaents 
in  tiie  prediction  of  job  performance  and  c*rganizational  productivi”^.  Hie 
origins  of  research  into  this  relationship  can  be  traoad  to  woric  by  Taylor 
and  Pussell  (1939)  airi  Brogden  (1949) .  Beoently  there  has  been  considerable 
work  done  to  refine  and  extend  these  ideas  and  apply  than  to  enplcyee 
selection  in  both  the  public  and  private  sectors  (see,  e.g.  Schmidt  et  al. 
(1985) ,  and  Cronbach  and  deser  (1965) ) . 

A  key  innovation  from  Brogden  was  the  development  of  an  equation  for 
evaluating  the  irpact  of  a  selection  test  on  organizational  productivity. 

His  equation  was: 

U  =  N  V  SD^  Z 

\here  U  is  the  gadn  in  cjrganizational  productivity; 

V  is  the  validity  of  the  predictor  (correlation  with  the  performance 
criterion) ; 

H  is  the  nunber  of  individuals  selected; 

t 

SDy  is  the  vadiie  to  the  caganizaticsi  of  one  standaurd  deviation  of 
perfom^ce;  and 

Z  is  the  espected  mean  predictor  sc»re  (eapressed  as  a  standard  normal 
deviation)  resulting  feom  a  given  selection  standard. 

■mis  foTTtnia  provided  a  systanatic  way  to  assess  the  iapact  of  selection 
tests.  For  a  considerable  time,  however,  very  little  weak  was  perfeomed  in 
this  area,  primarily  because  of  the  perceived  difficulty  of  assigning  a 


(lollar  value  to  a  standard  deviation  in  perfannanc3e. 


j^fter  considerable  ej^jerinentation  viith  a  variety  of  ^furoaciies,  a  rcu^ 
consensus  c^ipeaxs  to  have  been  reached  tiiat  die  most  practical  nethod  for 
obtaining  estimates  of  the  dollar  value  of  perfonnanoe  is  through  the  use  of 
esqpert  judgenent  (Hunter  and  Schmidt^  1982)  •  Hiis  ^iproach  relies  on 
assessments  elicited  fix®  individuals  in  a  position  to  evaluate  the 
organizationaQ.  conseqLiennfts  of  variations  in  job  performance.  Ihese 
individuals  are  asiked  to  estimate  the  dollar  value  of  selected  levels  of 
perfonnanoe.  By  infxsing  distributional  assunptions  on  both  the  error  in 
these  ju^ments  and  the  variations  in  job  perfonnanoe  it  is  possible  to 
arrive  at  estimates  of  the  dollar  value  of  a  standard  deviation  in 
perfonnanoe. 


Recent  resecirch  ty  Schmidt  et  al.  (1985)  hzs  that,  in  a  vri.de 

vairiety  of  such  surveys,  the  estimates  of  the  value  of  a  standard  deviation 
of  performance  tend  to  fall  in  the  range  of  40  to  70  percent  of  salary. 

TViig  finding  has  led  to  widespread  \jse  of  a  "rule  of  thunb"  of  40%  of  salary 
as  a  conservative  estimate  of  tiie  value  of  a  standard  deviation  change  in 
epected  mean  perfonnanoe. 

‘  « 

*  fiTnnrmicg;  and  Qperaticns  Research 

An  economic  to  evaluating  the  costs  and  benefits  of  enployee 

selection  vras  provided  by  Armor  et  eri.  (1982) .  This  pproach  focuses  on 
Mqpportunity  costs"  as  a  measure  of  the  value  of  a  selection  procedure.  In 
effect,  this  method  argues  that  the  value  of  achieving  a  given  inprovement  in 


perfonnanoe  throu^  nore  effective  selection,  classification  and  assignment 
procedures  is  at  least  equal  to  the  cost  of  aciiieving  the  sane  improvenents 
by  lowering  the  selection  ratio.  This  approach  differs  fccm  earlier 
psychological  utility  aodels  in  two  ways. 


Ihe  first  najor  difference  is  its  recognition  that  increased  selectivity 
costs  other  than  those  involved  in  designing  and  adininistering  the 
selection  instrument.  Most  of  the  psychological  models  of  selection  utili^ 
either  inplicitly  or  e)5)liciUy  assume  that  the  nuntoer  of  job  ^licants  is 
infinite,  an!  the  only  costs  associated  with  increased  selectivity  are 
those  required  to  develop  the  selection  instrument  and  process  ^licants. 
Amor  ejqjlicitly  assumed  that  productivity  gains  from  higher  job  standards 
would  require  leurger  recruiting  costs.  This  is  likely  to  be  true  for  two 
reasons:  First,  there  are  likely  to  be  non-zero  costs  associated  with 
attracting  jpplicants,  and  since  increased  selectivity  will  re^iire  the 
enplqyer  not  only  to  process  but  also  to  attract  a  larger  pool  of  ^licants 
reducing  ‘Uie  selectims  ratio  will  increase  tiiese  costs.  Second,  to  the 
extent  that  the  abilities  measured  by  the  selection  test  are  in  general 
demand,  the  cost  p^t  applicant  will  also  increase  as  the  system  becmtss  more 
selective. 

ifteaio  is  of  critical  iaportance  in  the  evalxiation  of  selection 
policies,  but  it  also  provides  a  means  to  assess  the  value  of  improved 
acci  ■F'i  ra'h'i  on  and  eissignment  policies  under  a  given  selection  strategy. 
Brogden  noted  effect  %hen  he  stated  that  an  increase  in  the  allocation 
average  was  equivalent  to  an  increase  in  ti)e  selection  ratio  (Brogden, 

1959). 


me  secx»i  differenoe  between  Armor's  e^proach  and  most  earlier  efforts 
Mag  its  of  ag  a  ocoponent  of  performanoe  value.  A  measure  was 
ooretruoted  that  included  both  technical  job  performanoe  and  aD?)lcyee 
turnover.  T^is  indicator,  "qualified  man  months",  weights  the  probability 
that  a  reoruit  will  perform  at  or  ehove  a  givai  standard  by  the 

yypartgd  duTation  of  ttat  level  of  perforraanoe.  me  inclusion  of  the  time 
cmponent  of  performanoe  provides  a  oonveniait  way  to  ocBbme  the  effects  of 
policies  that  affect  botii  performanoe  and  attrition  rates.  However,  in  this 
education,  the  eidvantage  is  obtained  by  r^lacing  a  oontiiuous  measure  of 
performanoe  with  a  discrete  standard  similar  to  that  used  by  Taylor  and 
Rissell. 


A  considerably  more  extensive  eqpproach  to  the  inoorporation  of 
performanoe  duration  was  developed  by  Boudreau  and  Berger  (1985) .  mey 
argue  that  the  prqper  use  of  estimated  dollar  values  for  a  standard 
deviation  of  performanoe,  it  is  neoessary  to  take  into  aoocunt  a  nunber  of 
factors  other  than  the  estimates  themselves,  mese  include: 

o  the  average  length  time  over  \hioh  the  performanoe  will  be  provided 

♦ 

t 

o  conpensation  over  that  period 

o  the  discount  rate 


o  projected  saleuy  increases  over  the  relevant  period. 


Besults  of  Fstiiaatina  Productivity  Gaii^ 


Vfe  use  t3WO  variatiors  on  the  methcjds  described  above  to  evaluate  the 
benefits  of  the  sisulaticn  results  described  sdxwe.  Method  1  is  a  direct 
s^licaticn  of  tije  prooedure  recaanended  by  Boudreau  and  Berger,  using  the 
"40  peroent"  rule  of  thunb  of  Scimidt,  et  al*  as  our  tatl.iwate  of  the  dollar 
vedue  of  a  standard  deviation  of  perfonnanoe.  Ihe  only  "new  twist"  in  this 
explication  will  be  the  inoarporation  of  predicted  values  for  the  espected 
duration  of  perfonnanoe  generated  by  the  EPAS  sinulations. 

Me  assume  that  the  relevant  time  period  is  the  average  length  of  first 
•hoTTti  service.  Most  soldiers  do  not  serve  beyond  the  initial  term.  Further, 
it  is  assumed  that  reenlistment  eligibility  decisions  are  made  primarily  on 
the  of  observed  perfonnanoe,  not  performance  predicted  at  tbe  CTtry 

point. 

The  average  enlistment  term  in  1984  was  3.27  years.  However,  about  36 
peroent  of  recruits  under  the  current  assignment  system  will  fail  to 
oonplete  their  first  term.  The  expected  attrition  rates  under  tbe  optimal 
assigrment  eatematives  are  as  shewn  in  Table  4.  Since  nearly  all 
attrition  occurs  either  during  or  ^rtly  after  training,  we  also  assume 
*  that  tile  t-irtna  served  by  attritees  is  nonproductive.  This  yields  an  average 
pnaductive  duration  of  2.09  years  per  accession  or  64  peroent  of  the  average 
enlistment  tour  under  the  curcart  system.  Conparable  values  under  the 
alternatives  are  presented  in  Table  4  under  Method  1. 


There  are  maiy  different  estimates  of  szQ.ary  for  military  personnel. 


siiwe  housing  and  subsisbencse  allowances  are  separate  fron  basic  pay.  One 
frequently  meeisure  of  sedeury  is  reguleur  military  ocnpaisaticn, 
includes  Joasic  pay,  subsistence  allowance,  basic  allowance  fca:  (jiarters, 
variable  housing  allowance,  and  the  tax  advantage  that  cones  fron  tax-free 
allowances,  nagfrf  rpcn  a  Epical  rank  progression,  a  recruit  would  earn  an 
eiverage  PMC  of  $48,686  over  the  average  3.27  year  enlistment  term. 


The  discount  rate  and  the.  salary  growth  rate  affect  the  present  value  of 
salary.  We  assume  a  discount  rate  of  8.5  percent  and  a  salary  growth  rate 
of  4  percent.  Ihis  produces  a  net  discount  rate  of  4.5  percent  is  the 
resultii^  factor,  inlying  this  rate  to  the  projected  PMC  stream  yields  a 
rtiai-rnnh  multiplier  of  .904. 


<1^  40  percent  of  seLLary  used  by  Schmidt  et  ad.  (1985)  is  assaaned  as  the 
relationship  of  salary  to  £3)^.  OoDhining  all  of  the  above  factors,  the 
estimated  dollar  value  of  the  performanoe  gedns  under  each  alternative  is; 


u3  =  (.904)  (.4)  ($48,686)  tP  S^niVijay 


The  dollar  values  of  the  gains  from  the  simulated  realistic  policies 
estinat^  by  <his  method  are  presented  in  Table  3. 

Method  2  e)?)lcaes  an  amalgam  of  the  2®3proach  used  by  .Armor.  Par  this 
method,  we  use  the  predicted  attrition  probabilities  and  the  predicted 
por»frtrwwTr»  scoTes  from  the  simulations  to  generate  a  contiiucus  measure  of 
quantity  and  quality  of  perfonnanoe.  We  tijen  calculate  the  nunber  of 
recruits  in  the  v^iper  half  of  the  APQT  distribution  (test 


categories  I-IHA)  that  would  be  rajaired  unJer  the  airrent  classification 
awi  assignment  system  to  obtain  the  same  value  for  tiiis  measure  obtained 
uncler  eaoh  policy.  (To  do  this,  we  assume  that  the  distribution  of 

attrition  rates  and  predicted  performanoe  among  the  additional  I-HIA's  %iculd 
be  the  as  it  is  among  the  1984  I-niA  population.)  We  then  use 
estimates  foom  previous  resezuxfa  on  the  cost  per  recruit  of  replacing 
Category  tttr  and  IV  recruits  with  the  hi^ier  quality  recruits  as  cur 
estimate  of  the  dollar  value  of  the  benefits  provided  by  the  siaulated 
policy. 

One  recent  estimate  of  the  opportunity  costs  of  obtaining  I-IIIAs  comes 
frtm  the  enlistment  bonus  esqjeriment.  Polich  et  eil.  (1986)  estimate  that  it 
would  cost  about  $16,000  for  each  additional  hi^  quality  recruit  obtained 
via  bonuses. 

The  results  of  the  simulations  evaluated  using  the  opportunity  cost 
^ixroach  are  shown  in  Table  3  under  the  heading  "Method  2".  The  results  also 
indicate  that  the  net  benefit  of  inplemarting  EEAS  (policy  3)  over  the 

riirmont-  ^^stem  (policy  2)  would  produce  nearly  50  million  dollars  worth  of 

% 

inproved  performanoe.  Furthermore,  these  results  are  robust;  even  if  job 
standards  are  raised  substantially  over  the  present  levels,  the  net  benefits 
remain  in  excess  of  thirty  million  dollars. 


V.  mSGOSSION 


Sinulatlcns  provide  a  useful  way  to  evaluate  the  cutcxxnes  of 

and  assignment  inprovaaaents.  Ihey  can  provide  realistic 
estinates  of  a  wide  range  of  policy  alternatives.  FUrthennore,  the 
siaulaticns  can  be  easily  acdified  to  include  different  objectives  and 
ocnstcaints. 

There  are  nany  problems  in  converting  classification  and  assignment 
inproveroents  into  dollar  values.  However,  both  psychology  and  economics 
provide  reasonable  spproaches  for  estimating  the  value  of  improved  personnel 
policy. 

In  the  of  EPAS,  simulations  indicated  that  the  net  benefits  would 
far  the  operating  costs  of  0.6  million  per  year.  This  would  result  in 

a  benefit-cost  ratio  on  the  order  of  50  for  both  bQ»fit  evaluation 
technigues.  Thus,  EPAS  would  produce  a  very  high  return  on  investment  tinder 
any  evaluation  scheme. 
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INTRODUCTION 


In  order  to  achieve  its  recruiting  missions,  the  Army  must  employ  a  set  of 
enlistment  options  and  incentives*  Two  of  these  are  the  enlistment  bonus  and  the  Army 
College  Fund  (ACF)*  These  two  programs  have  been  used  effectively  as  recruiting  tools, 
attracting  high  quality  individuals  to  the  Army* 

Until  recently,  an  individual  could  have  been  eligible  to  receive  both  an  enlistment 
bonus  and  the  ACF  for  a  four  year  enlistment  tour  in  many  MOS*  In  December  1985, 
however.  Army  recruiting  policy  was  modified  so  that  an  individual  could  receive  either 
an  enlistment  bonus  or  the  ACF  but  not  both*  In  this  paper,  responses  from  the  Army 
Research  Institute  (ARI)  recruit  survey  are  used  to  estimate  the  possible  enlistment 
effects  of  this  policy  change*  These  responses  indicate  that  about  16  percent  of  eligible 
enlistees  implied  they  would  not  have  enlisted  if  both  incentives  were  not  available  to 
them* 


BACKGROUND 

After  a  test  program  in  FY81,  the  Army  College  Fund  was  instituted  nationwide  in 
FY82  (for  details  on  the  test  program  see  Fernandez,  1982)*  The  ACF  enables  the  Army 
to  provide  educational  incentives  above  the  level  available  from  the  Veteran's 
Educational  Assistance  Program  (VEAP)  or  currently,  the  New  Cl  Bill*  To  obtain  ACF 
benefits,  the  individual  must  already  have  contributed  to  the  VEAP  or  new  Cl  bill* 
Through  the  ACF,  up  to  $14,400  in  additional  benefits  are  available  to  non-prior  service 
AFQT  l-IIIA  high  school  graduates  enlisting  for  four  years  in  certain  military 
occupational  specialties  (MOS)*  Smaller  ACF  benefits  are  available  for  shorter 
enlistment  terms*  The  program  has  a  twofold  purpose*  First,  it  is  a  market  expander, 
attracting  high  quality  individuals  who  would  not  otherwise  consider  the  Army.  Second, 
by  limiting  benefits  to  specific  MOS,  the  Army  can  direct  these  high  quality  individuals 


where  needed. 


Enlistment  bonuses  are  available  to  individuals  enlisting  in  certain  critical  skills.  In 
past  years,  about  45  MOS  have  Included  bonus  eligibility.  As  is  the  case  with  the  ACF, 
bonuses  are  intended  to  attract  high  quality  individuals  to  the  Army  as  well  as  specific 
MOS.  Bonuses  are  generally  only  available  to  AFQT  l-IIIA  high  school  graduates  enlisting 
for  four  year  terms.  Bonus  levels  vary  by  MOS,  and  are  currently  in  the  $2,00-8,000 
range. 


APPROACH 

During  the  past  several  years,  the  U.S.  Army  Research  Institute  has  surveyed  new 
recruits  upon  entering  the  Army.  Several  of  the  survey  questions  pertain  to  bonuses  and 
the  ACF.  In  this  paper,  two  particular  survey  questions  will  be  examined: 

-  Suppose  the  job  you  signed  up  for  did  not  pay  an  Army  College  Fund  extra 
education  bonus.  What  would  you  have  done? 

-  Suppose  the  job  you  signed  up  for  did  not  pay  a  cash  bonus.  What  would  you  have 
done? 

These  two  questions  were  asked  to  over  8,500  respondents.  Respondents  were  given 
a  choice  of  responses  ranging  from  "Signed  up  for  the  same  job  anyway"  to  "Not  enlisted 
at  all".  Responses  to  these  two  questions  were  examined  simultaneously  to  determine 
how  many  individuals  would  not  have  joined  the  Army  if  both  options  had  not  been 
available.  For  this  analysis,  only  those  eligible  for  both  options  were  selected. 
Eligibility  was  determined  using  the  procedure  developed  by  Elig,  et  al.  (1984). 


RESULTS 

Approximately  1,250  respondents  were  found  to  be  eligible  for  both  options.  Table 
1  shows  their  joint  responses  to  the  two  questions.  The  majority  of  the  respondents  (59.1 
percent)  would  have  joined  the  Army  whether  the  two  options  were  available  or  not. 
More  Importantly,  16.5  percent  would  not  have  joined  had  both  options  not  been 


available.  On  the  basis  of  47,500  eligible  individuals  yearly  (estimate  derived  using  FY83 
contracts)  this  translates  into  a  loss  of  over  7,800  accessions  yearly  (approximately  5.3 
percent  of  total  accessions).  No  statistically  significant  differences  in  responses  were 
found  between  those  signing  for  combat  and  non-combat  MOS. 

Caution  must  be  used  in  the  interpretation  of  these  results.  While  it  was  shown 
that  a  decline  in  high  quality  enlistments  could  be  projected  if  persons  could  not  receive 
both  options,  the  actual  level  of  this  decline  may  vary  from  the  survey  responses. 
Results  should  be  validated  against  the  most  recent  enlistment  surveys  when  data 
become  available,  as  well  as  against  contracts  signed  since  the  delinking. 
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EXECUTIVE  SUMMARY 


Requirement: 

The  U.S..  Army  Research  Institute  is  currently  developing  an  Enlisted  Personnel 
Allocation  System  (ERAS).  This  system  will  ultimately  provide  the  Army  with  an 
improved  enlisted  person-to-job  match.  Short-term  personnel  forecasts  are 
necessary  for  the  implementation  of  this  system.  This  report  examines  several 
categories  of  individuals  desired  by  the  Army  as  well  as  the  Army  enlistment 
process  itself,  in  order  to  develop  a  forecasting  model  to  project  near-term  Army 

contracts. 

Procedure: 

Before  a  forecasting  model  could  be  developed,  the  enlistment  process  had  to 
be  clearly  undertstood.  Information  was  necessary  concerning  the  appropriate 
forecast  period,  supply  groupings,  and  point  in  the  process  to  be  forecast. 
Variables  influencing  the  arrival  of  individuals  within  the  system  had  to  be 
examined.  Several  models  were  considered  including  exponential  smoothing,  and 
autoregressive  model,  ARIMA,  OLS,  and  the  use  of  recruiter  missions  themselves. 
The  selected  model  was  used  to  forecast  male  NPS  AFQT  cat  1-lllA  high  school 
graduate  and  senior  contracts  for  the  first  quarter  of  FY84. 

Findings: 

The  applicant  to  contract  process  was  shown  to  consist  of  several  steps 
(prospect,  applicant,  serious  applicant,  contract).  Each  of  these  steps  had  an 
associated  loss  rate.  The  process  is  usally  completed  in  a  relatively  short  time, 
with  most  completing  the  applicant-to-contract  portion  in  a  little  over  one  week. 
Recruiter  missions  and  economic  conditions  were  found  to  influence  the  month  y 
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signing  of  contracts.  This  necessitated  the  forecasting  of  contracts  rather  than 
applicants  or  serious  applicants.  Since  recruiter  goals  are  allocated  by  reception 
station  month,  this  was  selected  to  be  the  forecast  period.  By  the  end  of  FY83 
serious  applicant  to  contract  conversion  rates  were  found  to  be  approaching  unity, 
indicating  possible  problems  in  meeting  future  goals.  An  OLS  model  was  chosen 
with  the  explanatory  variables  recruiter  goals  and  the  Interaction  between  goal 
achievement  and  male  16“21  unemployment  lagged  one  month.  The  model 
performed  well  for  the  first  quarter  of  FY84,  with  a  total  error  of  only  77 
contracts. 


Utilization  of  Findings: 

This  report  indicates  that  the  influence  of  recruiter  missions  necessitates 
forecasting  contracts  by  reception  station  month,  with  forecast  supply  groups 
matching  mission  boxes.  When  modeling  such  a  process,  time  series  methods 
provide  inadequate  forecasts.  The  model  used  recruits  missions,  unemployment,  and 
recruiting  success  as  explanatory  variables  and  provided  accurate  forecasts  for 
FYb4. 
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I.  INTRODUCTION 


The  Army  is  currently  undertaking  a  major  effort  to  redesign  its  personnel 
selection,  classification,  and  allocation  system.  The  finished  products  will  provide 
data  and  methodologies  that  will  enable  the  Army  to  maximize  personnel  job 
performance. 

To  optimally  allocate  contracts  to  MOS  it  is  necessary  to  project  the  supply 
of  contracts,  especially  in  the  near-term.  Otherwise,  desirable  individuals  may  be 
turned  away,  inadequate  people  may  enlist,  or  training  seats  could  remain  vacant. 
Each  of  these  outcomes  is  highly  undesirable. 

Accordingly,  this  paper  provides  a  detailed  description  of  the 
applicant-contract  process  and  the  short-term  forecasting  problem.  It  investigates 
the  key  factors  required  by  such  a  system.  Based  upon  these  factors,  a 
recommended  structure  is  given  for  a  short-term  forecasting  model. 

II.  APPROACH 

The  approach  will  consist  of  the  following  steps: 

1.  Develop  a  descriptive  quantitative  model  of  the  Army  enlistment  process. 

2.  Examine  data  concerning  factors  influencing  the  process. 

i.  Examine  available  short-term  forecasting  models. 

4.  Analyze  data. 

5.  Develop  specifications  for  a  short-term  forecasting  model. 

III.  BACKGROUND 

With  the  hardware  used  by  the  Army  becoming  increasingly  more  sophisticated, 
it  is  important  to  make  efficient  use  of  manpower  resources.  This  can  be 
accomplished  through  the  use  of  an  improved  system  of  allocating  persons  to  jobs. 
The  current  Army  system  emphasizes  the  need  to  fill  particular  military 
occupational  specialties  (MOS).  Frequently,  an  MOS  is  given  to  the  first  qualified 
applicant  desiring  that  position.  With  this  type  of  person-MOS  allocation  system. 
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it  is  possible  for  an  Army  accession  to  be  assigned  to  an  MOS  for  which  he  is  only 
marginally  qualified.  Conversely,  a  highly  qualified  individual  may  be  assigned  to  a 
less  desirable  MOS  because  his  or  her  preferred  MOS  has  already  been  filled  with 
lesser  qualified  individuals.  In  the  extreme  case,  a  highly  qualified  applicant  may 
be  lost  to  the  Army  altogether  because  his  or  her  choice  of  MOS  is  not  available. 

The  allocation  system  needs  to  account  for  the  likelihood  that  a  person  who  is 
highly  qualified  for  a  particular  MOS  will  arrive  in  the  near  future.  At  the 
guidance  counselor  level,  the  current  system  stresses  the  filling  of  immediate 
training  slots.  While  the  quality  mix  of  individuals  within  MOS  is  important,  it  is 
often  treated  secondarily  to  the  filling  of  the  slots  themselves.  Short-term  fore¬ 
casting  would  enable  the  Army  to  determine  the  types  of  persons  arriving  in  the 
near  future  and  therefore  reserve  the  particularly  attractive  MOS  for  those  most 
highly  qualified.  The  offering  of  a  desirable  MOS  to  a  highly  qualified  individual 
could  also  increase  the  probability  of  that  applicant  eventually  signing  a  contract. 
Many  of  the  lesser  qualified  applicants  could  be  directed  towards  less  easily  filled 
MOS. 


To  join  the  Army,  an  individual  must  first  meet  certain  mental  and  physical 
requirements.  The  Army  currently  uses  the  Armed  Forces  Qualification  Test 
(AFQT)  to  determine  whether  an  applicant  is  mentally  qualified  for  enlistment. 
This  exam,  a  segment  of  the  Armed  Services  Vocational  Aptitude  Battery  (ASVAB), 
tests  an  applicant's  mathematical,  verbal,  and  reading  skills  and  is  believed  to  be  a 
good  indicator  of  trainability  [a  formal  discussion  can  be  found  in  'Profile  of 
American  Youth*,  Office  of  the  Assistant  Secretary  of  Defense  (Manpower,  Reserve 
Affairs,  and  Logistics,  1982J.  Scores  on  the  AFQT  range  from  1  to  99,  with  a 
median  of  50.  Those  persons  scoring  50-64  are  categorized  in  category  IIIA,  those 
scoring  65-91  are  considered  in  Category  II  and  those  scoring  above  91  are  included 
in  AFQT  category  I.  These  three  categories  of  individuals  are  considered  to  be 
those  most  desirable  for  entry  level  MOS. 

This  paper  concentrates  primarily  upon  those  categories  of  individuals 
traditionally  considered  to  be  both  supply  constrained  and  highly  desirable  for  Army 
jobs.  This  includes  male  high  school  graduates(HSG)  and  high  school  seniors  (HSSR) 
without  prior  military  experience  in  AFQT  categories  l-IIIA.  During  the  period 
examined  (FY81-83)  the  Army  had  their  greatest  success  since  the  establishment  of 
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the  All  Volunteer  Force  in  attracting  these  upper  category  non-prior  service  high 
school  graduates.  During  FY81  approximately  thirty  one  percent  of  the  over 
100,000  male  non-prior  service  contracts  came  from  these  categories.  These 
percentages  increased  to  forty  five  and  forty  nine  percent  of  the  total  number  of 
contracts  in  FY82  and  FY83,  respectively.  This  upward  trend  may  not  be 
permanent,  however. 

The  Enlistment  Process.  In  order  to  accurately  project  candidates  for  enlistment 
it  is  necessary  to  understand  the  workings  of  the  system.  Figure  1  provides  a 
general  model  of  the  process.  It  begins  with  a  candidate  arranging  a  meeting  with 
a  recruiter  at  a  local  recruiting  station.  Here  the  recruiter  makes  initial  contact 
with  a  potential  applicant  and  becomes  responsible  for  that  persons  entry  to  the 
system^lt  is  the  recruiter's  duty  to  'sell'  the  Army,  but  not  a  particular  MOS,  to 
a  potential  candidate.  At  the  same  time  the  recruiter  makes  the  initial 
determination  of  whether  a  person  is  desired  by  the  Army.  One  of  the  tools 
currently  employed  in  making  this  determination  is  the  Computerized  Adaptive 

Screening  Test  (CAST).  Part  of  the  JOIN  system  currently  being  implemented  at 
recruiting  stations  and  MBPS  across  the  country,  this  fifteen  question  test  was 

designed  to  predict  a  person's  ASVAB  score.  It  measures  basic  verbal  skills  (word 
associations,  completing  sentences)  and  arithmetic  skills  (basic  multiplication, 
division,  percentages,  etc.).  The  CAST  is  required  for  all  non-high  school 
graduates  but  is  also  being  used  to  screen  other  candidates.  A  person  will  be 

defined  a  ’prospect*  at  this  point. 

Once  a  potential  applicant  has  passed  this  point,  he  or  she  is  scheduled  to  take 
the  ASVAB  (if  not  already  taken).  This  usually  occurs  within  a  few  days  of  initial 
contact.  After  the  taking  of  the  ASVAB,  a  person  will  be  considered  an 

'applicant*  for  the  purposes  of  this  paper.  When  the  ASVAB  score  is  received  by 
the  recruiter,  a  meeting  with  the  applicant  is  arranged  to  further  discuss  options 
available  in  the  Army.  (Since  formal  records  are  not  kept  at  the  aggregate  level, 
it  is  impossible  to  measure  the  number  of  individuals  lost  prior  to  this  point.) 

The  next  stage  of  the  process  involves  a  trip  to  the  Military  Entrance 

Processing  Station  (ME PS).  It  is  at  one  of  these  regional  centers  that  the  final 
steps  in  the  applicant-contract  process  take  place  for  all  Armed  Services.  A 
physical  examination  is  first  taken.  During  FY81-FY83,  approximately  25-30)&  of 
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FIGURE  1 

THE  U.S.  ARMY  ENLISTMENT  PROCESS 


the  total  number  of  AFQT  Cat  l-lllA  male  NPS  HSG  applicants  were  lost  between 
application  and  the  taking  of  a  physical.  (Once  having  taken  the  physical,  the 
applicant  will  be  defined  a  ’serious  applicant’).  The  next  (and  final)  step  in  the 
process  is  a  meeting  with  a  guidance  counselor.  It  Is  here  that  the  actual  per- 
son-to-MOS  match  occurs.  The  serious  applicant  is  given  a  list  of  alternatives 
matching  current  needs  of  the  Army  to  the  person's  minimum  qualifications.  At  the 
point  of  signing  an  Army  contract,  an  Individual  will  be  considered  a  ’contract’. 
The  loss  rate  at  this  point  for  male  NPS  l-IIIA  HSG  during  FY81-B3  ranged  from  7 
to  21  The  contract  must  now  decide  whether  to  enter  the  Delayed  Entry 

Program  (UEP)  or  access  Immediately.  The  DEP  allows  an  enlistee  a  delay  of  up 
to  one  year  before  accessing.  It  also  gives  an  individual  the  flexibility  to  select 
an  MOS  that  may  be  currently  closed  but  available  at  a  later  date.  The  length 
of  DEP  permitted  depends  on  Army  policy  as  well  as  available  training  slots  and 
personal  preferences.  While  average  time  in  DEP  is  only  a  few  months,  high  school 
seniors  are  permitted  to  remain  in  the  DEP  for  up  to  one  year.  (A  sizable  number 
of  persons  are  lost  while  in  the  DEP.  Averaging  4-7  percent,  the  number  has  been 
rising  in  recent  years.)  Once  leaving  the  DEP,  a  person  becomes  an  ’accession’. 
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Recruiter  Missions.  Army  manpower  goals  play  a  crucial  role  in  determining  who 
will  eventually  sign  Army  contracts.  These  manpower  goals  are  ultimately 
determined  by  the  current  needs  of  the  Army.  While  the  total  end  strength  is 
mandated  by  Congress,  the  Army  is  given  leeway  in  determining  the  structure  of 
the  force.  The  Office  of  the  Deputy  Chief  of  Staff  for  Operations  and  Plans 
(ODCSOPS)  determines  the  optimal  structure  to  assure  the  accomplishment  of  the 
Army's  objectives.  The  Active  Army  Military  Manpower  Program  (AAMMP) 
produced  by  ELIM-COMPLIP  then  specifies  accession  goals  for  up  to  five  years  into 
the  future.  (McWhite,  et.  al.,  19tt3)  This  information  provides  the  US  Army 
Recruiting  Command  (USAREC)  with  goals  for  recruiting  (Inflated  to  account  for 
loss  from  the  DEP).  USAREC  initially  allocates  missioning  goals  among  the  nation's 
five  Recruiting  Brigades.  From  there,  they  are  distributed  to  the  56  Army 
Recruiting  Batallions,  further  allocated  to  the  over  250  Recruiting  Companies,  and 
are  finally  transformed  into  individual  recruiter  'missions’  at  the  2,200  Recruiting 
Stations  across  the  nation.  While  aggregate  missions  are  allocated  by  reception 
station  month  at  the  beginning  of  the  fiscal  year,  adjustments  are  made  periodi¬ 
cally. 


Recruiters  are  given  'mission  boxes'  to  fill,  each  box  representing  a  category 
of  individual.  Non-prior  service  males  in  AFQT  categories  l-IIIA  are  divided  into 
three  mission  boxes:  high  school  graduates,  high  school  seniors,  and  non-high  school 
graduates.  AFQT  category  IIIB  individuals  are  treated  similarly,  as  are  those  in 
AFQT  category  IV.  Those  with  prior  military  experience  fill  the  final  mission  box 
and  are  treated  as  a  single  unit.  Recent  data  indicates  that  mission  box  contents 
for  the  most  desired  individuals  (AFQT  category  l-IIIA  male  NPS  HSC)  are  viewed 
as  'goals'  while  mission  boxes  for  the  least  desired  individuals  are  viewed  more  as 
'limits’.  Mission  box  contents  at  the  recruiter  level  are  based  upon  past 
performance  of  the  recruiter  and  Recruiting  Company  as  well  as  the  overall  goals 
of  the  Army.  Recruiters  are  currently  assigned  missions  by  'reception  station 
month’.  Recruiters  are  also  given  goals  for  'recruiting  weeks’,  requiring  them  to 
make  a  given  number  of  contacts  during  the  week.  These  goals  are  more 
informal,  however,  and  may  differ  from  Company  to  Company. 

Factors  Influencing  Enlistments.  Many  variables  have  been  shown  to  influence  the 
enlistment  of  an  individual  In  the  Army.  Included  are  both  Army  (or  policy)  driven 
variables  and  externally  generated  factors.  Perelman  (1983)  decomposed  these 
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variables  into  four  broad  categories:  micro-sociodemographic  variables,  taste 
variables,  program  policy  variables,  and  econodemographic  variables. 
M icro-sociodemographic  variables  include  such  personal  characteristics  as  age, 
gender,  and  AFQT  score.  Taste  variables  include  factors  such  as  propensity  to 
enlist.  Program  policy  variables  involve  a  broad  range  of  factors  including  (but  not 
limited  to)  the  number  of  recruiters,  recruiter  productivity  (quotas),  military  pay, 
bonuses,  advertising,  tour  length,  and  interservice  competition.  Since  many  of 
these  policy  variables  are  subject  to  readjustment  and  may  be  highly  correlated, 
they  present  problems  when  developing  a  forecasting  model.  The  fourth  category  of 
variables,  econodemographic  variables,  includes  unemployment  rates  and  the  supply 
of  those  eligible  for  enlistment.  Since  this  paper  is  concerned  with  forecasting 
only  specific  categories  of  individuals,  the  micro-sociodemographic  variables  will  be 
treated  as  the  dependent  variable  to  be  forecast,  and  the  program  policy  and 

econodemographic  variables  will  be  considered  explanatory  variables.  Taste 
variables  are  not  used  in  the  analysis. 

Recruiters  can  influence  the  arrival  of  individuals  within  the  system.  For 

example,  a  recruiter  could  discourage  a  person  from  applying  because  he  may  not 
feel  that  the  individual  would  meet  the  mental  or  physical  requirements  of  the 
Army.  This  individual  would  never  show  up  as  an  applicant.  Recruiter  behavior 
may  also  be  shaped  by  mission  boxes.  Because  recruiters  are  rated  on  the  basis  of 
how  well  they  fill  their  missions,  such  an  action  as  delaying  an  individual  from 
applying  during  a  particular  month  because  the  recruiter's  mission  box  for  that  type 

of  individual  has  already  been  filled,  is  possible.  The  extent  of  this  type  of 

recruiter  behavior  is  virtually  impossible  to  measure. 

Army  training  policies  can  influence  both  the  arrival  pattern  of  individuals  and 
their  probabilities  of  signing  contracts.  A  person  may  not  sign  a  contract  until  he 
or  she  knows  that  a  particular  training  seat  is  available,  causing  the  timing  of 
training  classes  to  influence  contract  signing.  This  could  cause  more  high  quality 
applicants  to  sign  contracts  when  the  most  attractive  MOS  are  available.  In  this 
case  time  series  might  not  reflect  the  arrival  pattern  for  that  type  of  individual. 
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Changing  OEP  policies  are  also  an  important  influencing  factor.  These  policies 
change  frequently  and  influence  when  a  person  signs  an  Army  contract.  Current 
research  (WEST AT,  19tt4)  has  shown  that  longer  DEP  periods  are  correlated  with 
higher  DEP  loss  rates.  Specific  MOS  are  periodically  closed  to  particular 
individuals  to  assure  the  desired  quality  mix  within  that  MOS.  Other  endogenous 
factors  influencing  the  arrival  of  applicants  or  the  signing  of  contracts  include  ad¬ 
vertising,  college  bonus  programs,  enlistment  bonuses,  and  the  number  or  quality  of 
recruiters.  All  of  these  factors  must  be  remembered  when  interpreting  time  series 
data. 

Unemployment  has  been  seen  to  be  a  factor  influencing  Army  enlistments.  As 
unemployment  rises  in  the  civilian  sector,  military  service  becomes  a  more 
attractive  alternative.  Several  forecasting  models  have  used  unemployment  as  one 
of  the  major  independent  variables  affecting  the  enlistment  of  NPS  l-IIIA  male 
HSC.  Dale  and  Gilroy  (1983)  used  current  teenage  male  unemployment  as  well  as 
unemployment  lagged  two  and  four  months  as  independent  variables  in  their 
regression  model  to  forecast  Army  contracts.  Fernandez  (1979)  used  differing 
youth  unemployment  scenarios  to  forecast  the  long  term  enlisted  supply  through 
1990. 

The  Enlisted  Personnel  Allocation  System.  To  optimally  allocate  Army  enlisted 
personnel,  the  Army  Research  Institute  is  developing  an  Enlisted  Personnel 
Allocation  System  (EPAS).  Figure  2  provides  a  schematic  of  the  system  construct. 
EPAS  is  comprised  of  four  separate  modules:  a  training  requirements  module,  a 
manpower  availability  module,  a  horizon  planning  module  (HPM),  and  a  sequential 
classification  module  (SCM).  The  training  requirements  module  accounts  for 
training  requirements  of  different  MOS  over  time.  The  manpower  availability 
module  (or  supply  module)  will  forecast  the  numbers  and  types  of  individuals  likely 
to  be  available  for  enlistment  during  particular  time  periods.  The  HPM  will 
aggregate  the  requirement  and  availability  data  and  derive  an  optimal  set  of 
allocation  goals.  The  SCM  will  determine  what  specific  MOS  will  be  offered  to  an 
individual. 
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FIGURE  2 

ENLISTED  PERSONNEL 
ALLOCATION  SYSTEM 


EPAS  should  improve  the  Army's  enlisted  personnel  allocation  procedures  by 
allocating  individuals  to  achieve  higher  performance,  reduce  training  costs  and 
lower  attrition  while  maintaining  a  high  class  fill  rate  and  assuring  adequate 
enlistment  rates.  EPAS  will  also  greatly  enhance  the  capabilities  of  decision 
makers  to  investigate  the  impact  of  policy  alternatives  prior  to  implementation. 


This  paper  will  focus  upon  the  manpower  availability  module.  The  availability 
module  will  provide  both  short  and  long-term  forecasts.  Long-term  forecasts  will 
project  the  impact  of  policies  (such  as  goals  and  other  recruiting  incentives)  and 
exogenous  factors  (the  economy,  relative  pay,  etc.)  over  periods  of  one  year  or 
more.  The  short-term  forecasts  will  project  the  number  of  individuals  likely  to 
enter  the  recruiting  system  within  the  next  month  or  two  given  specific  policies 
and  recent  trends. 
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IV.  SHORT  TERM  FORECASTING 


An  assortment  of  quantitative  techniques  are  currently  available  for  generating 
short-term  forecasts  (For  the  purposes  of  this  paper,  'short  term*  will  refer  to  one 
to  several  periods  into  the  future).  Quantitative  forecasting  techniques  can  be 
broken  into  two  broad  categories:  causal  models  and  time  series  models.  Causal 
models  can  take  on  different  functional  forms,  forecasting  a  dependent  variable  as 
a  function  of  several  explanatory  variables.  Sufficient  information  concerning  the 
system  to  be  forecast  is  necessary.  Causal  models  Include  regression  and 
econometric  models, 

TWhe  series  models  use  past  behavior  of  a  system  to  predict  future  behavior 
of  the  same  system.  Time  series  models  perform  best  with  stable  data  and  are 
used  mostly  for  shorter  term  forecasts  than  are  causal  models.  They  are  usually 
composed  of  four  components:  a  trend,  cyclical,  seasonal,  and  random  component. 
Included  are  exponential  smoothing,  autoregressive  models,  moving  averages,  and 
Box-Jenkins  (ARIMA), 

Several  factors  influence  the  selection  of  a  forecasting  method  including 
forecast  period  and  lead  time.  Exponential  smoothing  may  only  be  accurate  to  one 
or  two  periods  ahead.  Methods  such  as  ARIMA  (utilizing  autocorrelation)  can  make 
more  accurate  forecasts  several  periods  out.  The  stability  of  the  process  can  also 
influence  model  selection.  If  the  process  appears  to  be  simply  random  variation 
about  a  constant  mean,  a  smoothing  method  may  be  sufficiently  accurate. 

Several  studies  have  rated  the  relative  merits  of  different  short-term 
forecasting  techniques.  Makridakis  et.  al.  (1982)  conducted  a  forecasting 
competition  comparing  22  different  time  series  techniques.  In  this  study,  forecasts 
were  provided  for  multiple  horizons  using  up  to  1001  series  of  data.  For  one 
month  forecasts,  several  versions  of  exponential  smoothing  showed  highest  average 
ranking.  They  also  ranked  highly  in  term  of  mean  average  percent  error  (MAPE) 
when  using  yearly,  seasonal,  and  monthly  data.  The  results  of  this  competition 
infer  that  the  sophisticated  methods  did  not  do  significantly  better  in  generating 
one  period  forecasts  than  the  simpler  exponential  smoothing  methods. 
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A  study  completed  by  James  Carrig  (1983)  tested  the  same  methods  along  with 
an  additional  method,  the  Adaptive  Learning  Network  (ALN).  Although  much  more 
complex  than  the  exponential  smoothing  models  in  structure,  the  ALN  was  observed 
to  be  only  slightly  more  accurate  in  terms  of  MAPE. 

V.  RESULTS 

To  select  an  appropriate  method  for  forecasting  the  number  of  'high  quality* 
applicants  to  sign  Army  contracts  in  the  near  term,  it  is  necessary  to  understand 
patterns  that  exist  within  the  process.  This  understanding  can  provide  valuable 
information  concerning  appropriate  forecasting  methodologies  to  be  used  as  well  as 
forecast  period  and  horizon.  For  the  purposes  of  this  paper,  the  term  'high 
quality*  will  refer  to  AFQT  category  l"IIIA  HSC  and  HSSR. 

Weekly  and  monthly  applicant  and  contract  time  series  for  the  fiscal  years 
1981-83  were  derived  using  MEPCOM  monthly  edit  tapes  (The  fiscal  year  runs  from 
October  1  -  September  30).  Only  non-prior  service  (NPS)  male  HSC  in  AFQT 
categories  l-IIIA  were  examined  (HSSR  will  be  considered  together  with  HSC).  For 
this  part  of  the  analysis,  the  categories  were  further  broken  into  four  'supply 
groups*;  AFQT  category  l-ll  whites,  category  l-ll  non-whites,  category  IIIA  whites, 
and  category  IIIA  non  whites.  AFQT  category  l-ll  whites  were  by  far  the  largest 
group,  making  up  approximately  59  percent  of  the  total  number  of  contracts 
examined  over  the  three  year  period.  The  other  three  groups  contributed  only  6, 
28,  and  7  percent  of  the  total,  respectively.  As  previously  discussed,  these  supply 
groups  are  considered  to  be  those  most  desirable  as  Army  accessions.  They  not 
only  qualify  for  most  MOS  but  also  exhibit  lower  attrition  rates  (and  therefore 
lower  training  costs  per  person)  than  non-high  school  graduates  and  persons  in 
lower  AFQT  categories  (Manganaris,  1984).  (Those  persons  with  prior  military 
experience  were  not  Included  because  they  have  different  training  requirements 
than  non-prior  service  accessions  and  also  compose  a  relatively  small  percentage  of 
the  total  number  of  applicants.  Women  were  not  included  in  the  analysis  because 
they  make  up  a  relatively  small  percentage  of  the  total  force  and  their  choice  of 
accesion  MOS  is  limited.)  Analysis  was  limited  to  weekly  and  monthly  data.  In 
this  paper,  the  term  'month*  will  refer  to  reception  station  month  and  'week*  will 
correspond  to  recruiting  week.  (A  reception  station  month  roughly  resembles  a 
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FIGURE  3 


I40KTH  VS.  MALE  WHITE  NON-PWOR  SERVICE 


HIGH  SD<OOL  ICMTCAT  I  *  II  APP1.ICAH7S  VS  COMTHACfS  BY  MONTH 


■  tMI>tS  HMl 


msLt 
two  • 


1000 

tooo 

0 


^  ,  /n  I  I  I  I  I  I  I  T  I  I  I  I  I  »  I  '  '  ‘ 

12141070  ti0UltlSUl*ltni0lit0*ltt2S24*St02MI2iS0SlSt9894S«S6 

MONTH 


■iiiiiliiiilti  I  *1  I  I  j'  ;  *  *  * 


month  vs.  male  NON-WHtTE  NON-PRIOR  SERVICE 


FIGURE  A 

high  school  MEMTCAT  I  &  H  APPLICANTS  VS  CONTRACTS  MOl^H 


11 


calendar  month.  However,  a  reception  station  month  always  begins  on  the  first 
Tuesday  of  the  calendar  month  and  ends  the  last  Monday  of  the  calendar  month, 
resulting  in  each  month  having  exactly  four  or  five  weeks.  A  recruiting  week  also 
runs  Tuesday-Monday).  In  this  way,  a  comparison  to  recruiting  policy  is  possible. 

By  aggregating  the  data  on  a  weekly  basis,  it  is  possible  to  examine  the 
distribution  of  contracts  within  months.  This  will  assist  with  the  determination  of 
whether  predictable  patterns  can  be  discerned  occuring  within  all  months,  between 
only  specific  months,  or  exist  at  all.  Week-to-week  variation  may  also  be 

particularly  predictable  during  holiday  seasons,  a  time  when  dropoffs  have  histori¬ 
cally  occured.  Analysis  of  weekly  data  was  limited  to  examination  of  these 

holiday  effects  along  with  contract  distribution  within  months  (These  results  are 
included  in  the  Appendix). 

Monthly  data  is  used  for  the  majority  of  the  analysis.  This  permits  a 

comparison  of  contracts  signed  to  Army  goals.  Trends  over  the  three  year  period 
may  also  be  more  noticeable  because  monthly  aggregation  can  absorb  much  of  the 
random  week-to-week  variation  as  well  as  slight  or  short  lasting  holiday  effects, 
while  capturing  longer  lasting  seasonal  effects. 

Monthly  applicant  and  contract  time  series  for  the  four  supply  groups  can  be 
seen  on  Figures  3  to  6.  These  figures  give  an  indication  of  recruiting  trends 

during  the  three  year  period.  During  FY81  (months  1-12)  contracts  signed  in  the 
examined  categories  remained  fairly  stable  for  the  majority,  with  a  visible  decline 
of  both  applicants  and  contracts  for  April  and  May  1981  (months  7-8).  While  the 
level  remained  relatively  constant  for  whites,  an  upward  trend  is  apparent  for 
non-white  applicants  and  contracts. 

An  obvious  change  can  be  seen  during  FY82.  All  four  supply  groups 

experienced  an  accelerated  upward  trend  lasting  throughout  the  year.  This 
applicant  trend  slackened  during  December  and  January  but  again  picked  up  in 
February  and  continued  until  September.  The  monthly  increase  in  contracts 
actually  outpaced  the  rise  in  applicants  during  the  year.  (The  September  decline 
may  be  due  to  early  filling  of  Army  missions  and  not  a  drop  in  potential 

candidates.) 
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FIGURE  7 

MONTH  VS.  FIRST  AND  SECOND  QUARTILE  PHYSICAL/APPLICANT  RATIOS 


1-63 
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result  of  explicit  policies,  such  as  meeting  end  strength  targets.  It  can  be 
estimated  that  an  average  of  65  percent  of  all  male  NPS  HSG  category  I-IIIA 
applicants  proceed  to  the  point  of  taking  a  physical. 

An  important  question  to  answer  is,  once  a  person  with  given  characteristics 
applies  to  the  Army,  what  is  the  likelihood  that  this  person  will  sign  a  contract? 
While  on  an  Individual  basis  this  is  a  personal  decision  involving  many  variables,  in 
the  aggregate  some  generalizations  can  be  made.  Two  conversion  ratios  were 
calculated  to  examine  this  question.  These  were  the  ratios  of  contract  signers  to 
total  applicants  and  contract  signers  to  serious  applicants.  Again,  these  were 
calculated  monthly  for  the  upper  two  quartiles.  The  results  can  be  seen  on  Figure 
8. 
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During  FY83  the  pattern  again  changed.  The  first  several  months  continued 
the  upward  trend  of  the  previous  year.  However,  this  trend  peaked  during  January 
1983,  In  the  subsequent  three  months  all  supply  groups  experienced  a  sharp  decline 
in  applicants  (as  much  as  50  percent).  Some  recovery  was  seen  during  the  last 
five  months  of  the  year,  particularly  among  non-whites.  The  white  applicant  totals 
did  not  match  those  of  several  months  previous,  however.  Due  to  the  high  number 
of  applicants  during  the  beginning  of  the  fiscal  year  and  relatively  high  number  of 
non-whites,  all  four  supply  groups  experienced  net  increases  in  both  applicants  and 
contracts  over  FY82.  The  contract  totals  again  did  not  precisely  follow  the 
applicant  patterns  for  the  year. 

Tflfe  appropriate  point  in  the  applicant  to  contract  process  to  be  forecast  must 
be  determined.  As  previously  noted,  the  process  takes  place  in  several  steps. 
There  are  lags  associated  with  each  point  in  the  process  and  the  applicant  may 
drop  out  at  any  time.  Due  to  the  nature  of  the  process,  short-term  forecasts 
made  at  different  points  could  yield  different  results. 

There  are  specific  advantages  involved  with  forecasting  applicants.  The 
arrival  of  applicants  may  most  closely  represent  the  short-term  supply  of 
individuals  to  the  Army.  It  enables  early  identification  of  any  problems  affecting 
the  short  term  signing  of  contracts.  Applicant  forecasts  could  also  be  used  as  a 
policy  tool  whereby  the  conversion  ratio  necessary  to  meet  short-term  goals  could 
be  determined.  By  taking  Into  account  lag  time  between  applicant  and  contract, 
the  number  of  contracts  to  be  signed  in  the  coming  month  could  also  be 
estimated. 

The  forecasting  of  applicants  is  not  without  its  drawbacks,  however.  Because 
contracts  (and  ultimately,  accessions)  must  be  forecast  at  some  point,  applicant 
projections  must  lead  to  contract  forecasts.  Contract  forecasts  can  only  be 
calculated  indirectly  when  using  applicant  forecasts.  To  accurately  derive  contracts 
from  applicants  it  becomes  necessary  to  use  estimates  for  lag  times  and  conversion 
ratios,  each  of  which  has  an  associated  error.  The  flow  of  applicants  is  also  more 
variable  than  for  contracts,  and  is  more  influenced  by  random  variation. 
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The  forecasting  of  contracts  directly  may  be  desirable  because  it  eliminates 
the  estimation  of  several  parameters  and  some  of  the  random  noise  associated  with 
applicant  forecasts  is  removed.  However,  the  number  of  contracts  may  be  highly 
influenced  by  Army  goals.  Army  policies  play  a  large  part  in  the  determination  of 
who  will  sign  an  Army  contract.  Also,  some  of  the  forewarning  capability  of  the 
applicant  projections  would  be  lost,  with  potential  problems  not  being  indicated 
until  later. 

A  third  alternative  is  to  forecast  serious  applicants.  By  forecasting  serious 
applicants  much  of  the  random  variation  caused  by  applicants  who  were  not  really 
interested  may  be  eliminated,  while  still  representing  the  true  arrival  pattern  of 
applicants.  At  this  point,  a  person  is  much  closer  to  the  signing  of  a  contract. 
Also,  this  information  may  be  particularly  useful  in  determining  the  optimal(or 
desired)  capture  rate. 

A  large  proportion  of  Army  applicants  are  lost  between  the  time  the  ASVAB 
is  taken  (and  a  person  by  definition  becomes  an  applicant)  and  the  time  the 
physical  is  taken  at  the  MEPS.  The  monthly  serious  applicant/applicant  ratio  will 
be  used  as  a  rough  estimate  of  the  probability  of  becoming  a  serious  applicant. 
(Due  to  the  lag  between  becoming  an  applicant  and  then  a  serious  applicant,  the 
observed  populations  are  slightly  different  and  therefore  rates  obtained  are  only 
rough  estimates.) 

Results  of  the  monthly  serious  applicant/applicant  ratio  plots  can  be  seen  in 
time  series  form  on  Figure  7.  For  this  analysis,  supply  groups  were  broken  into 
quartiles  rather  than  AFQT  categories  In  order  to  be  consistent  with  other  ERAS 
research  (Moore,  1983).  (Quartlle  1  refers  to  those  scoring  75-99  on  the  ASVAB 
and  quartile  2  refers  to  those  scoring  from  50-74.)  Upon  examination  of  the  data, 
there  are  several  observations  worth  noting.  The  two  quartiles  exhibit  remarkably 
similar  patterns  during  the  three  year  period,  with  the  rates  for  second  quartile  In¬ 
dividuals  remaining  slightly  higher  throughout.  Both  quartiles  experienced  slightly 
higher  average  monthly  ratios  during  FY82  (.738  and  .758  for  quartiles  1  and  2, 
respectively)  than  in  either  FY81  (.653  and  .679)  or  FY83  (.683  and  .724).  Each 
fiscal  year  also  ended  at  a  relative  low  point  in  September.  This  is  likely  the 
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FIGURE  8 

MONTH  VS.  TOTAL  CONTRACT-APPLICANT  RATIOS 


1981-63  CONTRflCTS/PHYSirni  S  - 

1981-63  CONTRRrTS/nPPlirnNT''.  - 


The  contract/applicant  ratios  exhibited  an  upward  trend  throughout  the  period, 
indicating  that  a  higher  percentage  of  applicants  have  been  completing  the  process. 
The  two  quartiles  followed  similar  patterns  throughout,  with  those  in  quartile  2 
experiencing  slightly  higher  contract  signing  rates.  These  estimates  ranged  from 
.51  and  .57  for  quartiles  1  and  2  in  FY81  to  .62  and  .72  for  the  two  quartiles  in 
FY83.  While  the  proportion  of  applicants  taking  physicals  dropped  to  relative  lows 
each  September,  the  contract/applicanl  ratios  experienced  relative  highs.  Again, 
this  seems  to  be  policy  influenced. 
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The  contract/serious  applicant  ratios  experienced  similar  results  throughout  the 
period.  An  upward  trend  is  again  apparent,  and  during  several  months  the  ratio 
actually  exceeded  1.  During  those  months  more  people  signed  Army  contracts  than 
actually  applied  and  took  physicals.  Several  explanations  for  this  are  possible.  Since 
a  lag  may  occur  between  taking  a  physical  and  signing  a  contract,  these  activities 
can  overlap  across  months.  In  this  case  we  may  be  dealing  with  slightly  different 
populations.  Also,  some  of  those  who  applied  earlier  but  did  not  sign  contracts 
may  have  been  actively  sought  again  to  fill  monthly  quotas.  The  average  monthly 
ratios  for  the  upper  quartile  were  .79,  .77,  and  .92  for  FY81-83.  The  ratios  were 
slightly  higher  for  the  second  quartile  (.85,  .84,  and  .99).  This  indicates  a  high 
probability  of  signing  a  contract  once  an  applicant  has  taken  the  physical. 

The  actual  time  elapsed  between  application  to  the  Army  and  the  signing  of  a 
contract  has  been  shown  to  be  relatively  short.  [Schmitz  and  Nelson  (1984)  found 
that  for  FYbl  the  median  time  from  applicant  to  contract  was  only  eight  daysj 
The  distribution  of  times  from  applicant  to  contract  for  the  two  upper  quartiles 
can  be  seen  on  Tables  1  and  2.  These  tables  show  the  changing  nature  of  the 
applicant  to  contract  process  during  this  period.  While  a  relatively  large 
percentage  of  applicants  signed  a  contract  within  one  week  of  application,  the  time 
lags  have  been  getting  longer.  The  upper  quartile  experienced  a  decrease  from  43 
percent  to  30  percent  in  the  number  of  contracts  signed  within  the  first  week.  The 
number  for  the  second  quartile  dropped  from  48  to  35  percent  during  the  same 
period.  (Due  to  the  overlapping  of  applicants  between  years,  however,  these 
results  are  slightly  biased.)  This  may  be  due  to  the  increased  number  of 
individuals  from  these  categories  entering  the  system  or  a  combination  of  several 
other  factors.  Another  observation  from  these  tables  is  that  those  in  the  upper 
quartile  consistently  took  longer  to  complete  the  process  than  individuals  in  the 
second  quartile. 
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TABLE  1 


« 


Applicant  to  Contract  Lag  Time,  Upper  Quartile 
(Rounded  to  Nearest  percent) 


FY81 

FY82 

FY83 

Within  1  week 

43 

35 

30 

1-2  weeks 

17 

19 

19 

2-3  weeks 

8 

10 

10 

3-4  weeks 

5 

5 

6 

4-5  weeks 

17 

19 

22 

5  weeks  -  1  yr 

10 

11 

13 

TABLE  2 


Applicant  to  Contract  Lag  Time,  Second  Quartile 
(Rounded  to  nearest  percent) 


FY81 

FY82 

FY83 

Within  1  week 

48 

40 

35 

1-2  weeks 

16 

19 

18 

2-3  weeks 

8 

9 

9 

3-4  weeks 

4 

5 

6 

4-5  weeks 

15 

17 

20 

5  weeks  -  1  yr 

9 

10 

13 
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Recruiter  goals  are  seen  to  influence  the  number  of  high  quality  individuals  to 
sign  contracts.  Figure  9  shows  monthly  contracts  signed  for  AFQT  category  I-IIIA 
non-prior  service  male  HSG  and  HSSK  versus  goals  for  these  categories  during 
FY81-FY83.  A  correlation  of  .9  was  found  between  goals  and  contracts  during  this 
period.  As  is  clearly  visible,  over  most  of  this  period  the  Army  had  little 
difficulty  in  meeting  aggregate  goals  for  these  supply  groups.  In  FY81,  monthly 
missions  for  these  individuals  remained  at  similar  levels  (approximately  25UO)  at  the 
beginning  and  end  of  the  year,  with  lower  missions  during  the  middle  of  the  year. 
Monthly  missions  rose  throughout  FY82,  with  an  increase  for  AFQT  category  I-IIIA 
male  NPS  HSG  from  approximately  2,700  in  October  to  over  4,500  towards  the  end 
of  the  fiscal  year.  This  Is  the  result  of  the  Army's  effort  to  Increase  the 
percentage  of  high  quality  personnel. 

FIGURE  9 

MONTH  VS.  TOTAL  CONTRACTS  AND  COALS 


1981-83  CONTRRCTS  - 

1981-83  COOLS  - 
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One  factor  which  may  influence  the  usefulness  of  the  FY81  monthly  missions 
for  forecasting  is  that  recruiter  mission  boxes  were  filled  on  a  quarterly,  not 
monthly,  basis.  The  official  policy  of  assigning  monthly  missions  was  not 

implemented  until  FY82. 

While  the  upward  trend  in  missions  continued  during  FY83,  the  number  of 
contracts  did  not  match  this  increase.  By  the  end  of  the  fiscal  year  the  Army 
began  to  fall  short  in  these  categories. 

The  period  examined  (FY81-83)  was  a  time  experiencing  relatively  high  civilian 
unemployment  rates.  It  was  decided  to  examine  16-21  male  unemployment  rates, 
since  this  is  the  population  from  which  most  of  the  individuals  recruited  for 
military  service  are  drawn.  During  this  period,  unemployment  rates  for  these 
individuals  varied  from  almost  15  percent  to  over  25  percent.  While  the  rates 

dropped  each  summer,  seasonally  adjusted  rates  indicate  a  relatively  constant  rate 
throughout  FY81  (unadjusted  rates  of  15-20  percent),  a  rise  during  FY82  (to  23 
percent),  peaking  during  the  early  FY83  (25.5  percent  in  February  1983)  and 

followed  by  a  decline  during  the  remainder  of  the  fiscal  year.  (This  decrease  has 
continued  through  the  beginning  of  FY84).  This  is  consistent  with  the  pattern  of 
NPS  l-IIIA  male  HSC  serious  applicants  during  the  same  period. 

During  the  three  years  applicants,  serious  applicants,  contracts,  and  goals  were 
found  to  be  highly  correlated  with  seasonally  adjusted  unemployment  rates.  The 
highest  correlation  was  between  seasonally  adjusted  unemployment  rates  and  NPS 
I-IIIA  male  HSC  contracts  (.85).  This  observation  is  not  surprising  since 

unemployment  at  least  indirectly  influences  the  supply  of  applicants.  (Dale  and 
Gilroy  (1983)  found  unemployment  to  be  an  important  factor  in  their  model  to 
forecast  contracts^  Other  correlations  with  seasonally  adjusted  unemployment  rates 
were  goals  (.8),  serious  applicants  (.71),  and  applicants  (.72).  Again,  the  number  of 
contracts  were  greatly  influenced  by  goals  in  what  had  essentially  been  a  goal 
driven  system.  A  comparison  of  goals  for  NPS  I-IIIA  male  HSC  to  seasonally 
adjusted  16-21  male  unemployment  can  be  seen  on  Figure  10.  (Keep  in  mind  that 
goals  are  aggregated  by  reception  station  month  and  unemployment  by  calendar 
month,  so  results  may  be  slightly  out  of  agreement.  More  consistent  data  could 
result  in  higher  correlations.) 
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Given  the  fact  that  Army  goals  have  so  greatly  infloenced  the  contracting  of 
male  NFS  l-MIA  HSC  and  HSSR  during  the  past  several  years,  it  becomes  necessary 
to  forecast  contracts  rather  than  applicants  or  serious  applicants  in  the  short-term. 
While  serious  applicants  may  more  closely  represent  the  labor  pool  currently 
available  to  the  Army  (and  therefore  attractive  to  forecast),  conversion  rates  from 
serious  applicants  to  contracts  as  well  as  the  number  of  contracts  have  been  shown 
to  be  largely  the  result  of  current  Army  missions.  Therefore,  when  forecasfng 
male  NFS  l-IIIA  HSC  in  the  short-term,  recruiter  missions  must  be  Included.  This 
necessitates  the  forecasting  of  contracts.  Since  recruiter  missions  are  allocated  by 
reception  station  month,  this  was  selected  as  the  forecast  period. 

FIGURE  10 

month  vs.  coals  and  seasonally  adjusted  unemployment 

1981-83  BDJSUNEH  - 

I get -83  COBLS  - 
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Unemployment  not  only  influences  the  formulation  of  Army  goals,  but  also 
determines  who  will  be  in  the  available  labor  pool*  Male  16“21  seasonally  adjusted 
unemployment  lagged  one  month  was  found  to  be  closely  correlated  with  monthly 
contracts  and  goals  during  the  three  year  period.  This  is  appealing  since  it  roughly 
corresponds  to  the  lag  associated  with  the  time  between  applicant  and  contract. 

Past  recruiting  success  can  also  help  explain  what  will  happen  during  the 
current  period.  To  measure  past  performance,  the  goal  achievement  rate  was 
calculated.  (This  rate  is  defined  as  the  ratio  of  contracts  signed  to  recruiter 
mission).  This  variable  (lagged  one  month)  was  used  to  interact  with  lagged 
seasonally  adjusted  male  16”21  unemployment,  creating  a  new  variable. 

Time  series  methods  were  found  to  produce  unsatisfactory  results  when  run 
against  the  FY81-83  contract  data.  Exponential  smoothing  also  proved  unresponsive 
when  dealing  with  monthly  variation.  The  lagging  effect  made  single  period 
forecasts  innacurate.  With  much  of  the  variation  caused  by  such  exogenous  factors 
as  changing  goals  and  unemployment  rates,  both  an  autoregressive  model  and 
ARIMA  were  found  to  be  inappropriate.  (These  methods  may  become  more  useful, 
however,  if  the  supply  becomes  constrained.)  For  this  reason,  a  causal  model  was 
chosen. 

The  forecasting  model  was  developed  using  FY81-83  contract  data.  The 
explanatory  variables  used  included  recruiter  goals  for  male  NPS  AFQT  l-IIIA  HSG 
and  HSSR  along  with  the  term  accounting  for  the  Interaction  between  recruiting 
success  and  unemployment.  Ordinary  least  squares  (OLS)  was  used  to  fit  the 
model.  The  model  explained  most  of  the  variation  during  FY81-83  (R-square=.87), 
yielding  an  average  percent  error  (APE)  of  9.49  percent  during  this  period.  The 
model  can  be  expressed  as: 

C(t)=.86568  *  80.137  C(t)  -  853.13554  A(t-1) 

Where: 

C(t)=  Contracts  signed  during  period  t 
C(t)=  Contract  goal  for  period  t 
A(t-1)=  Goal  achievement  rate  for  previous  period 

U(t-1)=  Seasonally  adjusted  male  16-21  unemployment  rate  for 
previous  period 
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Model  Validation.  The  model  has  performed  well  in  explainning  the  historical 
relationship  between  mission,  the  youth  unemployment  rate,  previous  mission 
accomplishment,  and  the  number  of  contracts  achieved.  However,  the  value  of  the 
model  Is  how  well  it  will  predict  into  the  future,  given  the  information  available  in 
the  present.  Therefore,  we  constructed  an  experiment  to  assess  the  usefulness  of 
such  a  model  under  operational  conditions. 

The  simulation  was  to  make  forecasts  for  the  first  few  months  of  FY84  and 
compare  them  to  both  goals  and  actual  contract  achievement.  Four  months  were 
chosen  since  this  approximates  the  typical  permitted  DEP  length.  The  decision 
being  made  from  the  forecast  is  what  kind  of  MOS  to  allocate  high  quality 
individuals  to,  given  the  constraints  of  DEP  policy.  Thus,  the  allocation  planning 
done  today  will  have  to  compare  expected  supply  with  requirements  over  this 
period.  Results  of  the  four  monthly  forecasts  as  well  as  model  fit  can  be  seen  in 
Figure  11. 

Cumulative  differences  between  forecasts  and  actual  contracts  are  the  measure 
of  accuracy.  The  objective  of  the  forecast  Is  not  the  precise  estimate  of  the 
arrival  of  each  candidate,  but  the  expected  number  within  the  allocation  window 
determined  by  DEP  policy. 

Table  3  compares  the  actual  contracts,  recruiting  missions,  and  model 
forecasts  for  the  first  four  months  of  FY84.  The  contract  missions  provided 
reasonable  estimates  for  planning  purposes.  The  total  error  was  409  contracts  or 
an  underestimate  of  2.1  percent  of  the  actual  contracts.  However,  the  near-term 
model  was  within  0.4  percent,  with  an  error  of  77  contracts  over  the  four  month 
horizon. 

Based  upon  this  evidence,  the  near-term  model  should  provide  very  accurate 
matching  of  personnel  to  MOS  requirements.  These  projections  will  enable  the 
allocation  system  of  quality  contracts.  Furthermore,  the  self-correcting  nature  of 
factors  such  as  contract  goals  and  previous  goal  achievement  should  prevent  the 
model  from  straying  too  far  off  the  mark. 
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TABLE  3 

COMPARISON  OF  FORECASTS  FOR  FY84 


Month 

Actual 

Contracts 

Contract 

Missions 

Goal 

Error 

Model 

Forecast 

Model 

Error 

Oct  83 

4,858 

4,608 

250 

4,580 

278 

Nov  83 

'4,362 

4,201 

161 

4,507 

-145 

Dec  83 

4,394 

3,903 

491 

4,115 

279 

J  an  84 

5,610 

6,103 

-493 

6,099 

-489 

TOTAL 

19,224 

18,815 

409 

19,301 

-77 

VIII.  CONCLUSIONS 

The  applicant  to  contract  process  has  been  shown  as  consisting  of  several 
distinct  steps  (prospect,  applicant,  serious  applicant,  contract).  Each  of  these  steps 
has  an  associated  loss  rate.  The  process  Is  usually  completed  in  a  relatively  short 
time,  with  most  completing  the  applicant-contract  portion  in  a  little  over  one 
week.  (The  serious  applicant-contract  segment  is  usually  completed  in  a  single 
day).  Persons  in  the  upper  quartile  were  shown  to  consistently  take  slightly  longer 
on  average  to  complete  the  process.  In  each  of  the  three  years  examined 
(FY81-83)  all  of  those  examined  took  longer  to  complete  the  process  than  in  the 
previous  year. 

Unemployment  plays  a  major  part  in  determining  who  will  be  available  to  the 
Army  in  the  short-term.  Seasonally  adjusted  male  16-21  unemployment  was  found 
to  be  highly  correlated  with  both  Army  goals  and  contracts. 

Several  trends  were  found  to  exist.  There  was  an  upward  trend  apparent 
throughout  most  of  FY81-83  for  high-quality  applicants,  serious  applicants,  and 
contracts.  The  most  recent  data  indicates  that  this  trend  has  leveled  off  and 
possibly  reversed  (This  is  also  true  for  unemployment  rates).  Serious  applicant  to 
contract  conversion  rates  rose  and  by  the  end  of  FY83  the  system  had  very  little 
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slack.  When  examined  along  with  the  increasing  length  of  the  process,  this 
indicates  that  the  system  is  reaching  the  point  where  immediate  goals  (unless 
lowered)  will  no  longer  be  met. 

While  it  could  be  attractive  to  forecast  serious  applicants  in  the  short-term, 
the  Importance  of  recruiter  missions  necessitates  the  forecasting  of  contracts. 
Similarly,  since  recruiter  missions  are  allocated  by  reception  station  month,  this 
should  be  the  forecast  period.  Total  male  NPS  AFQT  l-IIIA  HSG  and  HSSR  were 
found  to  be  the  necessary  supply  grouping.  No  other  aggregation  permitted  a 
comparison  to  goals  or  goal  achievements.  The  only  other  possible  alternative 
structuring  of  supply  groups  would  be  to  separate  HSG  from  HSSR  (While  the  Army 
does  separate  these  groups  into  different  mission  boxes,  the  data  available  for  this 
analysis  only  allowed  for  the  aggregated  grouping). 

Time  series  models  were  not  found  to  be  accurate  when  used  to  model  this 
ever-changing  process.  This  Is  primarily  due  to  the  demand  constrained  situation 
that  took  place  during  FY81-83.  If  the  supply  of  individuals  becomes  more 
constrained  in  the  future,  however,  these  methods  could  provide  more  accurate 
forecasts. 

A  causal  model  was  found  to  generate  accurate  single  period  forecasts.  This 
model,  estimated  with  OLS,  used  recruiter  goals,  unemployment,  and  past  goal 
achievement  as  the  explanatory  variables  provided  accurate  forecasts  when 
validated  against  the  first  four  reception  station  months  of  FY84. 

While  accurate  forecasts  were  made  for  the  beginning  of  FY84,  the  model  must  be 
further  tested.  Periodic  respecification  may  also  be  required  to  ensure  accuracy. 
(It  could  be  done  on  an  annual  basis,  for  example).  This  is  especially  true  if  the 
supply  of  male  NPS  cat  I-IIIA  HSG  and  HSSR  again  becomes  supply  constrained,  as  was 
the  case  prior  to  FY81. 
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APPENDIX 


WEEKLY  TIME  SERIES 


A-1 


Important  information  may  be  gained  when  examining  applicants  and  contracts 
on  a  week  to  week  basis.  Weekly  applicant  and  contract  time  series  for  the  three 
year  period  are  shown  on  Figures  la  to  8a.  Each  figure  illustrates  a  different 

supply  group. 

To  determine  whether  predictable  patterns  existed  among  contracts  during  the 
reception  station  month,  the  time  series  was  broken  Into  four  versus  five  week 
months.  Contract  signing  rates  within  months  were  then  calculated.  (Contract 
signing  rates  are  defined  as  the  ratio  of  persons  signing  a  contract  during  a 
particular  week  within  the  month  to  the  total  number  of  contract  signers  during 
that  month).  These  weekly  arrival  rates  were  averaged  by  year  for  four  and  five 
week  months.  The  results  are  presented  on  Tables  la  and  2a  (Each  year  contained 
eight  four  week  months  and  four  five  week  months).  Upon  plotting  the  four  week 
arrival  rates  (Figure  9a),  it  is  seen  that  all  supply  groups  follow  the  same  general 
pattern,  with  an  increase  during  each  successive  week  within  the  month  for  each 
of  the  three  years.  This  pattern  dampened  somewhat  both  FY82  and  FY83. 

When  examining  five  week  months  (Figure  10a)  more  differentiation  is  apparent 
between  supply  groups  but  again  a  pattern  is  seen;  an  average  monthly  rise 
throughout  the  first  four  weeks  followed  by  a  decline  for  the  fifth  week.  This 
may  be  the  result  of  Army  policy,  indicating  recruiter's  abilities  to  fill  their 
mission  boxes  during  the  first  four  weeks  (and  not  the  arrival  pattern  of  potential 
contracts).  The  patterns  follow  each  other  more  closely  during  FY82  and  FY83, 
after  the  monthly  mission  box  policy  went  into  effect.  How  the  system  influences 
who  arrives  and  when  is  important  and  must  be  recognized  when  interpreting  the 
time  series  results. 

Some  of  the  week  to  week  variation  within  months  may  be  due  to  holiday 
effects.  Four  of  the  nine  federal  holidays  occured  during  the  first  week  of  the 
month  in  FY81,  three  in  FY82,  and  three  in  FY83.  One  of  the  holidays  fell  on 
the  fifth  week  of  a  five  week  month  in  FY81  and  two  in  FY82  and  83.  It  would 
be  difficult  to  determine  how  much  of  the  decrease  in  the  number  of  contracts 
signed  can  be  attributed  to  the  week  of  the  month  effect  and  how  much  to  a 
holiday  effect  or  other  unknown  effect. 


Intuitively,  there  should  be  a  dropoff  during  a  week  containing  one  of  the  nine 
federal  holidays  simply  because  of  a  shorter  work  week.  Accordingly,  a  20  percent 
dropoff  might  be  expected  for  those  weeks  (based  upon  a  five  day  work  week).  To 
confirm  the  existence  of  a  holiday  effect,  dropoff  rates  were  calculated  for 
applicants  and  contracts  in  the  four  supply  groups.  (The  dropoff  rate  Is  defined  as 
the  ratio  of  those  persons  arriving  during  the  holiday  week  to  the  previous  week's 
total).  These  holiday  effects  were  then  averaged  for  each  supply  group  over  the 
three  year  period.  The  results  can  be  seen  on  Tables  3a  to  6a.  Among  applicants, 
several  holidays  exhibited  dropoffs  for  all  supply  groups.  Christmas  and 
Thanksgiving  led  the  list  with  averages  across  supply  groups  being  .567  and  .589  of 
the  previous  week's  totals,  respectively.  These  dropoffs  were  much  higher  than 
would  be  expected  solely  as  the  result  of  one  less  workday.  Other  strong  holiday 
effects  were  observed  at  Labor  Day  (.709),  July  4  (.75),  and  Memorial  Day  (.763). 
Washington's  Birthday,  Columbus  Day,  and  Veterans  Day  provided  negligible  average 
effects.  New  Years  experienced  a  large  grand  average  effect  (1.26),  primarily 
because  it  falls  on  the  week  Immediately  following  Christmas.  While  this  result 
may  not  be  consistent  with  the  notion  of  a  holiday  dropoff,  the  ratio  at  New 
Years  could  prove  to  be  useful  when  making  week  to  week  forecasts. 

The  holiday  dropoff  was  accompanied  in  many  cases  by  a  post-holiday  surge. 
This  was  most  apparent  after  the  Christmas-New  Years  holiday  season.  In  some 
cases  the  surge  sent  applicant  totals  to  much  higher  levels  than  had  been 
experienced  prior  to  the  holidays.  These  surges  lasted  from  one  week  to  several 
weeks  and  varied  by  supply  group  and  year,  both  within  and  across  supply  groups. 

Similar  results  were  found  when  examining  the  holiday  effects  for  contracts. 
These  results  are  shown  on  Tables  7a  to  10a.  Again,  Christmas  and  Thanksgiving 
had  the  greatest  dropoffs  when  averaged  across  fiscal  year  and  supply  groups. 
Memorial  Day  experienced  slightly  less  of  an  average  effect  for  contracts  than 
applicants  and  Labor  Day  had  a  slightly  greater  effect.  These  findings  indicate 
that  a  predictable  holiday  dropoff  does  take  place,  particularly  during  the  weeks 
containing  Christmas  and  Thanksgiving. 
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Key  to  Tables 

HSM 

All  male  NPS  High  School  Graduates  and 

Seniors 

WHSM12 

m 

All  white  male  NPS  High  School  Graduates 
and  Seniors  In  AFQT  Categories  I  and  I  I 

NWHSM1 2 

- 

All  non-whIte  male  NPS  High  School 
Graduates  and  Seniors  In  AFQT  Categories 

and  I  I 

WHSM3A 

- 

All  white  male  NPS  High  School  Graduates 
and  Seniors  In. AFQT  Category  IHA 

NWHSM3A 

- 

All  non-white  male  NPS  High  School 
Graduates  and  Seniors  In  AFQT  Category  I 

TABLE  1a 


Four  week  months 


Weekly  AppMcent  Arrival  Rates 


CROUP 

WEEK 

rY8i 

FY82 

FY83 

WHSM1 2 

1 

2 

3 

4 

.175 
•  228 
.259 
.337 

.194 
•  233 
.268 
.304 

.232 

.243 

.265 

.261 

WHSM3A 

1 

2 

3 

4 

.168 

.220 

.249 

.305 

.191 

.234 

.267 

.307 

.227 

.234 

.259 

.280 

NWHSM12 

1 

2 

3 

4 

.152 

.247 

.277 

.324 

.211 

.230 

.258 

.301 

.230 

.245 

.256 

.269 

NWHSM#A 

1 

2 

3 

4 

.182 

.227 

.281 

.310 

.212 

.238 

.272 

.279 

.224 

.240 

.278 

.258 

Weekly  Appllceet  Attivel  Rates  -  five  week  iporths 


CROUP  WEEK 

WHSM1 2  1 

2 

3 

4 

5 

WHSM3A  1 

2 

3 

4 

5 

NWHSM1 2  1 

2 

3 

4 

5 


FY81 

.157 

.189 

.210 

.228 

.216 

.148 

.201 

.208 

.240 

.203 

.162 

.170 

.197 

.223 

.247 


FY82 

.175 

.188 

.209 

.230 

.197 

.174 

.181 

.210 

.234 

.201 

.167 

.164 

.210 

.237 

.222 


FY83 

.175 

.185 

.226 

.230 

.185 

.172 

.197 

.216 

.230 

.185 

.191 

.177 

.222 

.232 

.177 


NWHSM3A  1 

2 

3 

4 

5 


.135 

.190 

.203 

.235 

.238 


.178 

.199 

.206 

.235 

.182 


.178 

.181 

.211 

.229 

.201 
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TABLE  3a 


holiday 

Columbus  Day 
Veterans  Day 
Thanksgi ving 
Ch  r i stmas 
Nevr  Years 
Washington's  Bi 
Memorial  Day 
July  4 
Labor  Day 


TABLE  4a 


HOLIDAYS 

Columbus  Day 
Veterans  Day 
Thanksgi ving 
Chr i stmas 
Ne^r  Years 
Wash i ngton ' s 
Memorial  Day 
July  4 
Labor  Day 


Applicant  Holiday  Effects  -  FY81 


WHSM12  WHSM3A  NWHSM12_ 


NWHSM3A 


1.045 
1.060 
.492 
.496 
1.397 
rth.  .780 

.816 
.746 
.707 


.953 

.846 

.923 

.773 

.577 

.632 

.404 

.342 

1.529 

1.480 

.687 

.722 

.699 

.812 

.651 

.81 

.756 

.74 

1.021 

.935 

.681 

.592 

1.044 

.570 

.675 

.690 

.744 


Appicant  Holiday  Effects  •  FY82 


WHSM12  WHSM3A  NWHSM1_2 


NWHSM3A 


i  r th. 


1.120 

.986 

.536 

.572 

1.054 

.852 

.790 

.740 

.726 


1.004 

.920 

.580 

.514 

1.062 

.779 

.657 

.813 

.697 


1.035 

.989 

.598 

.726 

.985 

1.042 

.925 

.704 

.664 


.944 

.853 

.660 

.473 

1.651 

.892 

.717 

.669 

.598 
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TABLE  5a 


Applicant  Holiday  Effect* 


FY83 


holiday 


WHSM12 


Columbus  Day 
Veterans  Day 

Thanksgl ving 

Christmas 
New  Years 

Washington’s 
Memorial  Day 
July  ^ 

Labor  Day 


B i rth. 


1.100 

.934 

.533 

.642 

1.294 

.957 

.710 

.749 

.638 


WHSM3A 

NWHSM12 

NWHSM3A 

1.115 

1.027 

.603 

.615 

1.251 

1.000 

.756 

.691 

.674 

1.023 

1.127 

.589 

.792 

1 .049 
.965 
.893 
.962 
.951 

.925 

1  .090 
.592 
.637 
1.269 
.856 
.714 
.779 
.611 

TABLE  6a 


Average 


Applicant  Holiday  Effects  FY81-83 


holiday 

Columbus  Day 
Veterans  Day 

Thanksgiving 

Chr i stmas 
New  Years 
Washington's 
Memorial  Day 
July  4 
Labor.  Day 


WHSM12 

1.088 
.993 
.520 
.570 
1.248 
Birth  •863 

.772 
.745 
.690 


WHSM3A 

NWHSM12 

NWHSM3A 

AVC 

1.024 

.957 

.587 

.511 

1.281 

.822 

.704 

.718 

.709 

.968 

.963 

.606 

.620 

1.190 

.917 

.887 

.825 

.785 

.963 

.959 

.644 

.567 

1.321 

.773 

.702 

.713 

.651 

1  .010 
.968 
.589 
.567 

1  .260 
.842 
.763 
.750 
.709 
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TABLE  7a 


Contract  Holiday  Effects  -  FY81 


HOLIDAY  WHSM12_ 


Columbus  Day 
Veterans  Day 
Thanksgi vlng 
Chr i stmas 
Ne^  Years 

Washington's  B i rth. 
Memorial  Day 
July  4 
Labor  Day 


.950 

1.07 

.39 

.61 

.68 

.79 

1.02 

.49 

.57 


WHSM3A  NWHSM12  NWHSM3A 


.540  1.44  1.10 

.86  1.28  .80 

.43  .57  .28 

.53  .83  .61 

.83  .43  .73 

.72  .73  .93 

.76  .80  .72 

.42  .44  .45 

.69  .42  .61 


TABLE  8a 

Contract  Holiday  Effects  -  FY82 


HOL I DAY  WHSM12 

Columbus  Day  .85 
Veterans  Day  1.06 
Thanksgiving  .59 
Christmas  .45 
New  Years  .83 
Washington's  Birth  .88 
Memoriai  Day  .81 
July  4  .71 
Labor  Day  *84 


WHSM3A  NWHSM12  NWHSM3A 


.89  .55  .69 

.99  1.07  .92 

.60  .54  .70 

.50  .62  .49 

.59  .81  1.03 

.82  .95  1.29 

.73  .86  .58 

.79  .85  1.01 

.83  .89  .98 


TABLE  9« 


Contract  Holiday  Effectt  •  FY83 


holiday 

Columbus  Day 
Veterans  Day 
Thanksgiving 
Christmas 
New  Years 
Washington's 
Memorial  Day 
July  A 
Labor  Day 


WHSM12 

.96 

1.00 

.66 

.45 

1.76 

Birth.  .78 

.84 
.61 
.75 


WHSM3A 

NWHSM12 

NWHSM3A 

.75 

.85 

.61 

.60 

1.23 

.73 

.89 

.63 

.80 

.93 

.92 

.62 

.52 

1.73 

.63 

.69 

.47 

.67 

.87 

.82 

.58 

.38 

1.62 

.66 

.99 

.65 

.63 

TABLE  10a 


Average  Contract  Holiday  Effects  FY81-83 


HOLIDAY 


WHSM12  WHSM3A 


Columbus  Day 
Veterans  Day 
Thanksgiving 
Chr i stmas 
New  Years 

Washington ' s 
Memor I  a  I  Day 
July  4 
Labor  Day 


.95 

1.04 

.55 

.50 

1.12 

Birth.  .82 
.92 
.60 
.72 


.73 

.90 

.55 

.54 

.88 

.76 

.79 

.61 

.77 


NVfH5M12 

.97 

1.09 

.58 

.66 

.99 

.77 

.78 

.59 

.66 


NWH5M3A 

.89 

.85 

.52 

.49 

1.13 

.96 

.76 

.70 

.74 


AVC 

.88 
.97 
.55 
.55 
1  .03 
.83 
.81 
.63 
.72 
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EXECUTIVE  SUMMARY 


E.l  PURPOSE  OF  THIS  REPORT 

This  paper  is  the  seventh  semi-annual  AMCOS  progress  and  financial 
report  covering  the  period  October  1,  1989  through  March  31,  1991,  submitted 
in  compliance  with  Section  F.  of  Contract  MDA903-86-C-0106. 

E.2  PRIORITIES  FOR  THE  REPORTING  PERIOD 

On  April  26,  1989,  members  of  SRA  and  ARI  briefed  the  General  Officer 
Study  Advisory  Group  (SAG)  on  the  status  of  AMCOS.  At  that  meeting,  the  SAG 
supported  the  priorities  established  by  ARI  and  the  Director  of  the  Army 
Budget  (DAB).  These  priorities  remain  unchanged  for  the  remaining  AMCOS 
work.  Priorities  for  AMCOS  are: 

(1)  Develop  a  budget  model  for  all  three  components  of  Army  personnel 

(Active,  Reserve,  and  Civilian). 

(2)  Collect  FY89  actual  cost  data  and  update  the  active,  reserve  and 
civilian  life  cycle  cost  models. 

(3)  Disseminate  information  on  AMCOS  service-wide. 

E.3  PROJECT  ACTIVITY  FOR  THIS  REPORTING  PERIOD 

During  the  past  reporting  period,  SRA  worked  on  the  following  items: 

A.  Civilian  Component  Life  Cycle  Cost  Model  (Civ  LCCM) 

(1)  Civilian  component  model  version  1.0 

(2)  Army  review  of  the  civilian  LCCM. 

(2)  Developed  and  delivered  version  1.1  of  civilian  component  LCCM. 

B.  Budget  Analysis  Model  (all  components) 

(1)  Developed  budget  model  concept  as  opposed  to  a  life  cycle  model 
concept. 
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(2)  Designed  a  budget  analysis  model  that  will  estimate  the  budget 
costs  of  a  projected  force  inventory  for  each  of  the  personnel 
cost  components. 

(3)  Wrote  first  draft  of  the  budget  analysis  model  concept  paper. 


C.  Analytical  support  of  the  Army  Staff  using  AMCOS. 

(1)  Responded  to  Army  request  to  estimate  the  cost  of  deactivating 
seven  aviation  units  from  the  active  and  reserve  components^. 

(2)  Responded  to  eight  requests  for  briefings  on  various  aspects  of 
the  AMCOS  LCCMs. 


E.4  AMCOS  PLAN 

Figure  E.l  summarizes  the  status  of  and  long  range  development  plan  for 
AMCOS  as  of  September  30,  1989. 


During  the  General  Officer's  SAG  held  on  April  26,  1989, 
MG  Merle  Freitag  (Director  of  the  Army  Budget)  stated  that  he  was 
impressed  with  the  speed  with  which  AMCOS  could  analyze  a 
problem.  To  confirm  his  perceptions,  he  requested  that  CEAC 
monitor  comparison  of  AMCOS  with  the  results  of  a  recent  army 
staff  exercise.  This  run  would  estimate  the  cost  of  deactivating 
seven  aviation  units  from  both  the  active  and  the  reserve 
components.  SRA  was  able  to  set  up  the  problem,  analyze  it,  and 
provide  a  response  within  one  day.  The  AMCOS  results  were  almost 
identical  with  the  army  staff  results  but  completed  in  one  tenth 
the  time. 
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FIGURE  E.l 

AMCOS  DEVELOPMENT  PLAN 


E.5  EXPENDITURES 

AMCOS  development  is  on  schedule  and  within  the  amended  budget.  ARI 
increased  the  AMCOS  budget  with  a  contract  modification  effective  May  5,  1989, 
that  raised  the  limit  of  AMCOS  spending  to  $1,629,352.  We  completed 
development  of  the  family  of  life  cycle  cost  models  (LCCMs)  with  the  delivery 
of  the  civilian  life  cycle  cost  model.  In  June  we  started  conceptual 
development  of  the  budget  analysis  model  and  expect  delivery  of  the  concept 
paper  to  ARI  in  the  next  reporting  period.  We  will  deliver  the  operational 
budget  analysis  model  in  the  third  quarter  of  FY90. 

E.6  CONCLUSION 


The  Army  has  declared  AMCOS  very  successful  and  is  now 
institutionalizing  it.  For  example.  The  Cost  and  Economic  Analysis  Center  in 
the  Office  of  the  Assistant  Secretary  of  the  Army  for  Financial  Management  has 
directed  its  use  in  the  estimation  of  manpower  costs  for  all  weapon  systems. 
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SRA  has  completed  the  development  and  delivery  of  a  LCCM  for  each  of  the 
three  army  communities;  active,  reserve,  and  civilian.  The  COR  has  accepted 
all  three  LCCMs  as  fully  operational.  We  are  developing  the  budget  analysis 
model  that  we  will  complete  in  FY90.  SRA  will  complete  and  deliver  all  the 
AMCOS  models  and  their  documentation  by  March,  1991.  Appendix  A  discusses 
AMCOS  enhancement  and  maintenance  after  expiration  of  the  current  contract  in 
March,  1991. 
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AMCOS  SEVENTH  SEMIANNUAL  PROGRESS  REPORT 


1.0  INTRODUCTION 

The  Army  Manpower  Cost  System  (AMCOS)  is  a  five  year  research  and 
development  effort  conducted  by  the  Army  Research  Institute  (ARI)  with 
sponsorship  of  the  Assistant  Secretary  of  the  Army  (Financial  Management) 
through  a  contract  with  SRA  Corporation.  ARI  is  developing  this  automated 
manpower  costing  systems  to  improve  the  Army's  ability  to  conduct  cost 
analyses. 


1.1  PURPOSE  OF  THIS  REPORT 


This  paper  is  the  seventh  semi-annual  AMCOS  progress  and  financial 
report.  It  covers  the  period  April  1,  1989  through  September  30,  1989.  We 
submit  this  report  in  compliance  with  Section  F  of  Contract  MDA903-86-C-0106 


1.2  PURPOSE  OF  THE  CONTRACT 


To  quote  from  the  Army's  request  for  proposal,  the  Army  Research 
Institute  undertook  this  effort: 


To  design  and  validate  a  system  of  models  (with  their 
associated  databases)  to  accurately  estimate  manpower  costs  of 
current  and  future  weapons  and  other  systems,  to  forecast  manpower 
budget  costs,  and  to  analyze  scenarios  of  personnel  policy 
changes. . . 

As  the  Army  looks  to  the  1990's  and  beyond,  the  shift  toward 
increasingly  sophisticated  technology  will  be  translated  into  sharp 
increases  in  the  demand  for  skilled  or  high  quality  labor.  At  the 
same  time,  similar  shifts  in  other  sectors  of  the  economy  will 
contribute  to  a  general  bidding  up  of  the  price  of  labor. 
Constraints  on  the  Army's  ability  to  create  specialists  through 
training,  coupled  with  the  increasing  cost  of  skilled  labor,  makes 
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it  incumbent  on  the  Army  to  predict  manpower  costs  accurately. 

At  present,  the  Army  does  not  have  an  operational  model  to 
evaluate  manpower  costs  of  weapons  and  other  systems...  The 
objectives  of  this  [effort]  is  to  develop  a  system  of  manpower  cost 
models  consisting  of  economic  cost,  budget  cost,  and  life  cycle 
cost  models. . . 


1.3  THE  PUN  FOR  AMCOS 

Figure  1.1  illustrates  the  general  scope  of  the  AMCOS  effort  and  the 
progress  to  date.  The  Army  has  accepted  delivery  of  the  life  cycle  cost  models 
(LCCM),  which  are  all  operational.  The  Army  has  formally  accepted  both  the 
active  and  the  reserve  component  LCCM,  while  the  civilian  LCCM  is  undergoing 
operational  validation/testing.  This  completes  the  first  three  phases  of  the 
contract  and  provides  the  Army  with  a  complete  set  of  fully  enhanced  life  cycle 
cost  models.  These  models  provide  the  Army  with  a  set  of  effective  tools  for 
forecasting  the  manpower  costs  of  emerging  weapon  systems.  The  fourth  phase  in 
the  AMCOS  development  plan  is  the  development  of  the  budget  analysis  model. 

The  last  phase  will  include  last  data  base  updates,  final  enhancements, 
complete  documentation,  and  delivery  of  the  AMCOS  life  cycle  cost  and  budget 
analysis  models. 

The  LCCMs  estimates  annual  manpower  costs  over  a  weapon's  life  cycle. 

They  use  discounting,  amortization,  and  present  values. 

ARI  has  scheduled  the  budget  analysis  model  for  delivery  in  November, 
1990.  Because  of  lessons  learned  on  the  LCCM,  SRA  expects  to  deliver  the 
budget  analysis  model  earlier  than  scheduled.  Final  documentation  of  the 
project  and  final  delivery  of  all  AMCOS  products  is  scheduled  for  March,  1991. 
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FIGURE  1.1 
AMCOS  OVERVIEW 


FIGURE  1.2 

AMCOS  DEVELOPMENT  PLAN 
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1.4  AMCOS  OVERVIEW 


AMCOS  includes  both  life  cycle  and  budget  manpower  cost  models.  Over  the 
past  three  and  a  half  years,  the  AMCOS  team  has  built  the  system  of  life  cycle 
cost  models  for  the  active,  reserve,  and  civilian  components  of  Army  manpower. 
Budget  models  are  conceptually  different  from  life  cycle  cost  models.  The  LCCM 
estimates  changes  in  cost  associated  with  changes  in  the  Army's  manpower 
requirements  and/or  changes  in  the  Army's  personnel  policies.  The  budget 
analysis  model,  on  the  other  hand,  develops  detailed  costs  for  a  budget  year. 

It  provides  the  Army  with  a  sophisticated  budget  cost  estimation  tool  that  is 
quick  and  easy  to  use.  It  does  not  use  econometric  tools  to  distribute  or 
collect  cost,  but  estimates  the  outlays  expected  for  each  budget  year. 

Together,  the  AMCOS  LCCMs  and  budget  analysis  model  will  improve  manpower 
cost  estimating  capabilities  in  the  following  areas: 


New  Weapon  Systems.  Accurate  manpower  cost  estimates  over  the  life  of  a 
weapon  system  will  help  in  choosing  the  most  efficient  system,  and  in 
developing  the  most  cost-effective  manpower/hardware  configuration  for 
that  system. 

Manpower  Requirements.  Cost  estimation  by  grade  and  occupation  for  the 
active,  reserve,  and  civilian  components,  will  help  in  choosing  the  most 
efficient  manpower  mix. 

Personnel  Policies.  Explicit  cost  modeling  of  personnel  policies  such  as 
tour  lengths,  reenlistment  bonus  policies,  the  proportion  of  high  quality 
recruits  and  PCS  moves,  will  allow  rapid  estimation  of  how  changes  in 
these  policies  affects  the  cost  of  filling  specific  manpower  positions. 

Budget  Decisions.  Explicit  cost  modeling  of  the  effect  of  personnel 
policies  on  budget  costs  will  result  in  better  personnel  planning,  policy 
development,  and  budget  support. 


1.4.1  Modular  Design 

Early  on  in  the  AMCOS  design  process,  the  Comptroller  of  the  Army 
approved  the  use  of  a  modular  design  concept.  We  developed  simple  modules  that 
we  could  expand  as  needed.  Now,  when  needed,  we  can  remove  modules  from  the 
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model,  revise  or  update,  and  re-insert  them  without  adversely  affecting  other 
parts  of  the  model.  We  update  the  data  bases  in  a  similar  way. 

1.4.2  Evolutionary  Approach 

The  LCCMs  will  accept  manpower  requirements  generated  by  the  Personnel 
Strength  and  Composition  System  of  the  Army's  Decision  Support  System  (DSS- 
PERSACS),  the  MANPRINT  process,  or  any  "what-if"  scenario.  The  models  produce 
a  time-phased  profile  of  the  cost  of  manpower  over  the  life  cycle  of  a  weapon 
system.  For  each  of  the  life  cycle  models,  we  developed  a  working  model  early 
in  the  process.  This  enabled  us  to  use  the  results  of  actual  cost  estimation 
efforts  to  refine  and  improve  the  models  to  meet  the  Army's  real  needs. 

As  the  research  progressed,  we  developed  selected  policy  modules  in 
more  detail  and  enhanced  the  cost  estimation  process  to  make  it  more  flexible. 
AMCOS's  modular  design  makes  this  evolutionary  strategy  practical.  We  have 
refined  personnel  policy  and  compensation  modules  and  have  enhanced  them  to 
meet  the  changing  requirements  of  the  Army  and  other  users  that  emerge  from 
real-life  applications. 

1.5  THE  LIFE  CYCLE  COST  MODEL 

The  schematic  in  Figure  1.3  portrays  the  design  of  the  life  cycle  cost 
model.  We  show  in  the  schematic  that  the  heart  of  the  model  is  the  structured 
cost  data  base.  That  data  base  forms  the  point  of  interaction  between  the 
model  software  and  the  user. 


1.5.1  The  Structured  Cost  Data  Base 

The  model  takes  data  input  from  a  variety  of  Army  sources  and  processes 
them  through  policy  modules  that  emulate  personnel  policies.  This  process 
generates  costs  by  skill  and  grade  that  the  model  deposits  in  the  structured 
cost  data  base.  These  costs  represent  the  "price"  of  an  individual  soldier  to 
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the  Army. 


1.5.2  User  Operation 

Figure  1.4  shows  how  the  life  cycle  cost  model  operates.  The  user 
inputs  the  needed  information  through  man-machine  interface  with  the  computer. 
Inputs  include  manpower  requirements  and  cost  modifications  (note  that  the 
input  of  manpower  requirements  can  either  be  automatic  or  manual).  The  model 
has  already  created  a  structured  cost  data  base  by  processing  data  from  various 
Army  sources  through  the  policy  modules.  The  cost  estimation  process  merges 
the  user  input  with  the  structured  cost  data  base  to  produce  manpower  cost 
estimates.  As  shown  on  the  right  hand  side  of  the  graphic,  the  user  may  elect 
a  variety  of  output  options  to  review  the  results. 
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FIGURE  1.3 

AMCOS  SCHEMATIC  FLOW  DIAGRAM 
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USING  AMCOS 


User*I>efined  Inputs 

•  Manpower  Requirements-Manning 
by  MOS  and  grade,  number  and  type  of 
units,  phase-in^nterim  changes^hase- 
out;  Accepts  both  manual  and  electronic 
input 

•  Cost  Review- All  enlisted  MOSs  and 
officer  specialties;  separate  cost 
elements  that  rolI>up  to  major  budget 
appropriation  categories 

•  Cost  Modifications-User-specifled 
cost  policies;  selection  of  specific  pays; 
average  versus  marginal  costs;  costs  of 
high  versus  low  quality  personnel; 
discount  rates;  and  variable  inflation 
rates  by  appropriation  category 


User-Oriented  Outputs 

•  Micro-to-Macro  Focus-Cost  results 
for  any  position/unit/division 
combination 

•  Cost  Patterns-Estimated  for  1  to  30 
years,  discounted  and  undiscounted 

•  Levels  of  Detail-By  MOS;  by  major 
element  (recruiting,  training,  basic  pay 
and  allowances,  retirement,  SRB,  PCS, 
etc);  by  budget  appropriation  category; 
by  tot^  costs 

•  Output  Options-Display/save^nt; 
tabular  and  graphic,  comparative 
results 


AMCOS  USER  INTERFACE 


MULTIPLE  OUTPUTS 


FIGURE  1.4 

AMCOS  INPUT/OUTPUT  SCHEMATIC  DIAGRAM 


1.5.3  Model  Features  to  Date 


As  of  June  30,  1989,  SRA  Corporation  and  their  sub-contractor  SAG 
Corporation,  have  completed  development  of  the  AMCOS  life  cycle  models.  As 
these  models  evolved  we  included  many  features  that  make  them  user  friendly. 

We  have  listed  below  the  major  features  of  the  AMCOS  life  cycle  cost  models: 

Automated  Input  of  Manpower  Requirements.  Using  a  simple  utility 
provided  with  each  software  package,  each  of  the  LCCMs  can  process  the  output 
from  any  source  of  manpower  requirements.  The  output  must  be  in  ASCII  format 
and  each  record  should  conform  to  a  simple  layout  as  specified  in  the  user's 
manual.  The  utility  program  deposits  the  manpower  requirements  into  the  AMCOS 
unit  data  base.  It  lets  the  user  estimate  the  costs  of  virtually  any  unit  or 
configuration  of  units  in  the  Army.  CEAC  requested  addition  of  this  feature, 
when  it  found  during  the  testing  of  the  active  LCCM,  that  manually  inputting 
position  data  proved  too  labor  intensive  for  large  weapon  systems. 

Cost  Modification.  The  model  allows  the  user  to  modify  selected  costs 
such  as  recruiting  costs,  special  pays,  retirement  pay,  and  BAQ/VHA.  It  also 
allows  the  user  to  select  average  or  marginal  costs  for  an  analysis  and  to 
select  or  deselect  cost  elements  for  any  model  run. 

Use  of  Variable  Inflation  Rates  and  a  Discount  Rate.  The  user  may 
specify  up  to  five  years  of  variable  inflation  rates  for  each  of  the 
appropriations  used  in  AMCOS  (MPA,  OMA,  and  other).  We  did  this  so  that  AMCOS 
output  would  conform  to  DoD  requirements.  The  user  also  may  specify  a 
universal  discount  rate  to  be  used  for  calculating  the  present  value  of  the 
cost  estimation.  We  proposed  this  feature  in  the  initial  design  and  every 
version  of  the  LCCMs  has  included  it. 

Comparison  of  Outputs.  Decision-makers  often  want  to  compare 
alternatives  before  making  a  decision.  This  model  allows  the  user  to  compare, 
side  by  side,  the  output  from  alternative  AMCOS  runs  including  composite 
outputs  from  other  LCCMs.  One  screen  will  compare  the  cost  of  alternatives 
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including  all  three  components  of  Army  manpower.  We  added  this  feature  after 
CEAC  started  using  the  LCCMs,  first  the  active  model  and  then  for  all  models, 
to  make  AMCOS  more  responsive  to  the  needs  of  Army  cost  analysts  and  the 
decision-makers  they  support. 

Contains  Cumulative  Training  Costs.  The  user  may  view  the  cumulative 
cost  of  training  a  soldier  over  his  career.  AMCOS  uses  the  career  paths 
specified  by  AR  611-201  and  the  costs  of  skill  level  producing  courses  from 
TRADOC's  ATRM-159  to  accumulate  training  costs.  The  user  may  view  these  costs 
with  or  without  considering  attrition.  We  added  this  feature  at  the  request  of 
Dr.  Harry  West,  who  was  then  Deputy  Comptroller  of  the  Army,  so  that  he  could 
measure  the  "human  capital  investment"  at  each  grade  and  MOS. 

User  Specified  Scenarios.  The  AMCOS  models  accept  any  scenario  specified 
by  a  user  for  the  life  of  a  weapon  system.  The  model  accepts  the  users  input 
describing  the  phase-in  and  phase  out  of  units  equipped  with  a  particular 
weapon,  including  changes  in  weapons  systems  during  their  life  cycle.  Analysts 
also  can  use  this  feature  to  estimate  the  cost  of  force  structure  over  time  as 
the  force  changes.  Again,  we  included  this  feature  in  the  initial  design  and 
subsequently  every  version  of  the  LCCMs. 

Latest  Cost  Data.  The  AMCOS  team  updates  each  of  the  LCCMs  on  an  annual 
basis  using  the  actual  data  from  the  previous  year  as  a  basis  for  building  a 
cost  data  base.  The  Army  needs  to  consider  how  it  will  continue  this  feature 
once  the  current  contract  expires  in  March  1991.  In  addition,  the  user  may 
update  the  pay  tables  at  any  time.  The  model  then  automatically  recalculates 
all  costs  derived  from  military  pay  and  allowances. 


1.6  PRODUCTS  DELIVERED  IN  THE  PAST  FORTY  TWO  MONTHS 

Table  1-1  lists  the  products  delivered  under  this  contract  during  the 
past  forty  two  months. 
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TABLE  1-1 


I 

I 


PRODUCTS  DELIVERED 


DATE 

TITLE 

4-15-86 

Briefing  to  ODCSPER,  Program  and 

Budget  Division 

5-15-86 

Briefing  to  Deputy  Comptroller  of 

The  Army 

7-2-86 

Technical  Report:  Evaluation  of  the 
Prototype  (Draft) 

9-30-86 

Concept  Paper  #1:  Life  Cycle  Cost 

Model  Active  Army  Manpower  (Draft) 

10-15-86 

Technical  Report:  AMCOS  Information 
Book  (Draft  Working  Documents) 

10-31-86 

AMCOS  Semi-Annual  Progress  Report 

11-12-86 

Briefing  to  Working  Level  SAG 

12-12-86 

Briefing  to  Mr.  Distasio,  Office  of 
the  Comptroller 

1-31-87 

Active  Component  Enlisted  Life  Cycle 
Cost  Model  (Test  Version)  Delivered 

1-31-87 

Update  to  Technical  Report:  AMCOS 
Information  Book  (Draft 

Working  Documents) 

2-9-87 

AMCOS  Demonstration  to  Dr.  Gilroy, 

Chief  (MPPRG),  ARI 

3-4-87 

AMCOS  Demonstration  to  Col.  Wood, 

Dep.  Dir.,  CEAC 

3-12-87 

AMCOS  Demonstration  to  Mr.  Frantz, 

Dir.,  CEAC 

3-15-87 

Active  Component  Officers  Life  Cycle 
Cost  Model  (Test  Version)  Delivered 
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TABLE  1-1  (cont'd) 
PRODUCTS  DELIVERED 


DATE 

TITLE 

3-30-87 

Briefing  to  Deputy  Comptroller  of 
the  Army:  Operational  Active 

Component  Life  Cycle  Cost  Model 

5-15-87 

AMCOS  Brochure 

5-31-87 

AMCOS  Version  2.0  (Includes  Executive 
Shell,  Automated  Requirements  Input, 

One  Year  Model  Variable  Inflation 

Rates,  Consolidation  of  Enlisted  and 
Officer  Models) 

7-31-87 

AMCOS  Version  3.0  (Includes 
selective  cost 

modification/suppression,  Graphics, 

print  option  and  the 

alternate  methods  for  computing 

Retired  Pay  Accrual) 

9-28-87 

In- Process-Review  presented  to  Deputy 
Comptroller  of  the  Army 

10-31-87 

AMCOS  Version  3.1  in-process-review. 

11-6-87 

Briefing  to  the  General  Officer  Study 
Advisory  Group 

12-31-87 

AMCOS  Version  3.2  with  update  of 
Structured  cost  data  base 
using  FY87  costs 

1-31-88 

Reserve  Component  Life  Cycle  Cost 

Model  Design  (draft  concept  paper) 

3-15-88 

Updated  structured  cost  data  base  to 
include  Jan  88  pay  tables. 

All  costs  in  FY88  dollars. 
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TABLE  1-1  (cont'd) 
PRODUCTS  DELIVERED 


DATE 

4-25-88 

4-27-88 

4-27-88 

6-21-88 

6- 23-88 

7- 5-88 

10-1-88 

10- 31-88 

11- 23-88 
3-30-89 

3- 30-89 

4- 26-89 
6-30-89 
6-30-89 


TITLE 

Briefing  to  the  General  Officer 
Study  Advisory  Group 

AMCOS  AC  LCCM  Version  3.3 
(|inc1udes  optimized  code) 

\ 

One  Day  User  Training  Session 

Briefing  to  TRADOC  DCSRM 

AMCOS  RC  LCCM  Version  1.0 

AMCOS  AC  LCCM  Version  3.4 
(includes  revised  unit  editor 
and  improved  automated 
requirements  download  capability) 


AMCOS  AC  LCCM  Version  3.5  and  AMCOS 
AC  LCCM  Version  1.1  (includes 
ability  to  read  negative  and 
fractional  manpower  requirements) 

Civilian  Component  Life  Cycle  Cost 
Model  Concept  Paper 

Briefing  to  Comptroller  of  the  Army 

AMCOS  Civilian  LCCM  Version  1.0 
(prototype) 

Updated  Structured  Cost  Data  Bases 
based  on  FY88  actual  costs  for  both 
the  Active  and  Reserve  Component 
LCCMs 

Briefing  to  the  AMCOS  G.O.  SAG 
Civilian  LCCM  Version  1.1 
Final  Civilian  LCCM  Concept  Paper 


1.7  REPORT  ORGANIZATION 

This  report  is  divided  into  seven  sections  and  an  appendix,  as  follows: 
0  introduction 

0  summary  of  project  activity  in  the  reporting  period; 

0  descriptive  list  of  all  briefings,  meetings,  and  visits  conducted 
during  the  reporting  period; 

0  fiscal  report  on  project  costs  for  this  reporting  period; 

0  description  of  problems  encountered; 

0  discussion  of  the  planned  activities  for  the  next  reporting  period 
0  conclusion. 

0  AMCOS  maintenance  and  potential  follow-on  enhancements  (Appendix  A). 
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2,0  PROJECT  ACTIVITY  FOR  THE  SIXTH  REPORTING  PERIOD 


2.1  PRIORITIES 

On  April  26,  1989,  members  of  SRA  and  ARI  briefed  the  General  Officer 
Study  Advisory  Group  (SAG)  on  the  status  of  AMCOS.  At  that  meeting,  the  SAG 
supported  the  priorities  established  by  ARI  and  the  Director  of  the  Army  Budget 
(DAB).  These  priorities  remain  unchanged  for  the  remaining  AMCOS  work. 
Priorities  for  AMCOS  are: 

(1)  Develop  a  budget  model  for  all  three  components  of  Army  personnel 
(Active,  Reserve,  and  Civilian). 

(2)  Collect  FY89  actual  cost  data  and  update  the  active,  reserve  and 
civilian  life  cycle  cost  models. 

(3)  Disseminate  information  on  AMCOS  service-wide. 

2.2  OUTLINE  OF  PROJECT  ACTIVITY 

During  the  past  reporting  period,  SRA  worked  on  the  following  items: 

A.  Civilian  Component  Life  Cycle  Cost  Model  (Civ  LCCM) 

(1)  Civilian  component  model  version  1.0 

(2)  Army  review  of  the  civilian  LCCM. 

(2)  Developed  and  delivered  version  1.1  of  civilian  component  LCCM. 

B.  Budget  Analysis  Model  (all  components) 

(1)  Developed  budget  model  concept  as  opposed  to  a  life  cycle  model 
concept. 

(2)  Designed  a  budget  analysis  model  that  will  estimate  the  budget  costs 
of  a  projected  force  inventory  for  each  of  the  personnel  cost 
components. 

(3)  Wrote  first  draft  of  the  budget  analysis  model  concept  paper. 
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C.  Analytical  support  of  the  Army  Staff  using  AMCOS. 

(1)  Responded  to  Army  request  to  estimate  the  cost  of  deactivating  seven 
aviation  units  from  the  active  and  reserve  components. 

(2)  Responded  to  eight  requests  for  briefings  on  various  aspects  of  the 
AMCOS  LCCMs. 


2.2.1.  Civilian  Component  Life  Cycle  Cost  Model 
2. 2.1.1  Civilian  Component  Model  Version  1.0 

As  we  reported  in  the  last  semi-annual  report,  SRA  delivered  version  1.0 
of  the  civilian  component  LCCM  on  March  30,  1989.  The  intention  was  to  offer 
the  Army  a  basic  model  that  they  could  then  tailor  to  the  specific  needs  of 
various  Army  communities  interested  in  a  civilian  life  cycle  cost  model. 


2. 2. 1.2.  Army  Review  of  the  Civilian  LCCM 

SRA  briefed  version  1.0  of  the  civilian  LCCM  to  the  General  Officer  Study 
Advisory  Group  (SAG)  on  April  26,  1989.  After  that  briefing,  SRA  distributed 
copies  of  the  model  to  several  potential  users  for  their  review.  SRA  then 
briefed  and  demonstrated  the  AMCOS  civilian  model  to  these  users,  besides  CEAC 
and  ARI,  to  determine  if  they  wanted  model  modifications  or  enhancements. 

During  the  briefing  of  the  civilian  LCCM,  several  users  indicated  they  liked 
the  model.  However,  none  of  the  users  articulated  any  applications  that  would 
require  changes  or  enhancements  to  the  basic  model. 

As  a  result  of  comments  received  from  the  potential  users,  SRA 
recommended  that  we  make  minor  improvements  to  version  1.0  and  minimize 
resource  expenditures  until  army  users  establish  requirements  for  enhancements. 
The  COR  decided  that  version  1.0  of  the  civilian  model,  with  minor 
improvements,  met  the  needs  of  the  army.  The  COR  then  directed  SRA  to  complete 
version  1.1  of  the  civilian  LCCM  and  then  start  development  of  the  budget 
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analysis  model.  As  of  September  xx,  1989,  the  COR  accepted  the  civilian  LCCM, 
version  1.1,  as  fully  operational. 


2.2. 1.3.  Civilian  Component  LCCM  Version  1.1 

The  ARI/SRA  AMCOS  team  completed  and  tested  version  1.1  of  the  civilian 
LCCM.  This  version  has  the  same  menu  selection  as  the  previous  LCCMs.  It 
includes  features  that  allow  the  user  to  select  and  deselect  cost  elements,  to 
specify  work  plans,  change  retirement  plan  mixes,  and  toggle  between  average 
and  marginal  costs.  Version  1.1  also  includes  a  modified  utility  program. 

This  program  allows  users  to  capture  Tables  of  Distribution  and  Allowances 
(TDA)  requirements  from  external  data  bases  and  import  them  to  the  AMCOS  shell. 


2.2.2.  Budget  Analysis  Model  (all  components) 

2. 2. 2.1.  Budget  Model  Concept 

A  LCCM  may  incorporate  econometric  processes  such  as  discounting, 
amortization,  and  present  value  of  future  costs  and  benefits.  A  manpower  life 
cycle  cost  model  calculates  the  annualized  cost  of  manpower  resources  expended 
over  the  life  of  a  weapon  system.  In  contrast,  a  manpower  budget  analysis 
model  calculates  the  dollars  that  the  Army  must  spend  during  a  given  year  to 
fill,  maintain,  and  support  a  particular  force  structure.  Although  these 
functions  appear  similar,  each  implies  a  difference  in  model  design.  A  budget 
model  does  not  attribute  any  current  costs  to  future  uses.  It  also  does  not 
consider  any  future  costs  that  might  ultimately  result  from  this  year's 
decisions. 

2. 2. 2.1.  Design  of  the  Budget  Analysis  Model 

Using  the  structured  cost  data  base  from  the  LCCM  for  costs,  the  AMCOS 
team  designed  a  budget  analysis  model.  The  model  will  project  the  army's 
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personnel  inventory  over  the  budget  and  POM  years,  capture  numbers  of 
accessions,  reenlistments,  losses  and  promotions,  and  estimate  the  costs 
expended  during  a  given  fiscal  year. 

We  included  in  our  software  design  process  an  estimate  of  the  computer 
system  requirements  to  ensure  that  our  customer  can  use  the  end  product  on 
their  hardware.  We  then  developed  the  design  flow  chart  (Figure  2.1).  This 
allowed  us  to  view  the  whole  design  at  once  to  ensure  that  all  pieces  flowed 
together  properly. 


FIGURE  2.1 

BUDGET  ANAYSIS  MODEL  FLOW  CHART 
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2.2.2. 2.  First  Draft  of  the  Budget  Analysis  Model  Concept  Paper 

The  first  draft  of  the  budget  analysis  concept  paper  presents  SRA's 
conceptual  design.  This  draft  is  still  undergoing  revisions  based  on  SRA 
internal  review. 

2.2.3.  Analytical  Support  of  the  Army  Staff  Using  AMCOS 
2.2.3. 1.  Response  to  Army  Request  for  Information 

During  the  General  Officer's  SAG  held  on  April  26,  1989,  MG  Merle  Freitag 
(Director  of  the  Army  Budget)  stated  that  he  was  impressed  with  the  speed  with 
which  AMCOS  could  analyze  a  problem.  To  confirm  his  perceptions,  he  requested 
that  CEAC  monitor  comparison  of  AMCOS  with  the  results  of  a  recent  army  staff 
exercise.  This  run  would  estimate  the  cost  of  deactivating  seven  aviation 
units  from  both  the  active  and  the  reserve  components.  SRA  was  able  to  set  up 
the  problem,  analyze  it,  and  provide  a  response  within  one  day.  The  AMCOS 
results  were  almost  identical  with  the  army  staff  results  but  completed  in  one 
tenth  the  time. 


2. 2. 3. 2.  Responses  to  Requests  for  Briefings  on  the  AMCOS  LCCMs. 

During  the  past  reporting  period,  the  AMCOS  team  responded  to  eight 
requests  for  information  briefings.  Some  of  these  briefings  were  informal  and 
required  minimal  resources,  although  others  required  rather  extensive 
preparations.  A  complete  listing  of  these  briefings  is  in  chapter  3  below. 
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2.3  PRODUCTS  DELIVERED  THIS  REPORTING  PERIOD 


Table  2-1  lists  the  products  delivered  during  this  reporting  period. 

TABLE  2-1 

PRODUCTS  DELIVERED  DURING  THIS  REPORTING  PERIOD 


PRODUCT 

DATE 

Briefing  to  the  AMCOS  G.O.  SAG 

April  26,  1989 

Civilian  LCCM  Version  1.1 

June  30,  1989 

Final  Civilian  LCCM  Concept  Paper 

June  30,  1989 
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2.3  PRODUCTS  DELIVERED  THIS  REPORTING  PERIOD 


Table  2-1  lists  the  products  delivered  during  this  reporting  period. 

TABLE  2-1 

PRODUCTS  DELIVERED  DURING  THIS  REPORTING  PERIOD 


PRODUCT 

DATE 

Briefing  to  the  AMCOS  G.O.  SAG 

April  26,  1989 

Civilian  LCCM  Version  1.1 

June  30,  1989 

Final  Civilian  LCCM  Concept  Paper 

June  30,  1989 
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3.0  BRIEFINGS,  MEETINGS,  AND  VISITS 


Dr.  David  Horne  of  ARI,  the  COR,  continues  as  ARI's  key  participant  in 
the  development  team.  He  attended  many  meetings  and  exchanged  many  telephone 
calls  during  the  reporting  period.  The  following  list  summarizes  the  key 
briefings,  meetings,  or  visits  conducted  by  SRA  in  the  reporting  period. 

3.1  General  Officer  SAG  Preparation.  Mssrs.  Hogan  and  Rose,  SRA  Corporation, 
and  Dr.  Horne,  ARI,  met  on  April  17,  1989,  and  discussed  the  content  of  the 
upcoming  general  officer  SAG.  They  reviewed  slides  and  walked  through  a 
demonstration  of  the  AMCOS  reserve  component  and  civilian  component  life  cycle 
cost  models. 

3.2  General  Officer  SAG  Pre-brief  to  Director.  CEAC.  Messrs.  Hogan  and  Rose, 
SRA  Corp.,  Mr.  Mairs,  SAG  Corp.,  and  Dr.  Horne,  ARI  visited  CEAC  on  April  24, 
1989,  to  present  a  pre-brief  of  the  general  officer  SAG  to  Mr.  Merv  Frantz, 
Director  of  CEAC.  The  briefing  covered  the  changes  made  to  the  civilian 
component  model  as  a  result  of  comments  from  the  Army  and  demonstrated  the 
reserve  component  life  cycle  cost  model. 

3.3  General  Officer  SAG.  Dr.  Horne,  ARI  and  Mssrs.  Rose  and  Hogan,  SRA  Corp. 
presented  a  briefing  on  the  status  of  the  AMCOS  contract  to  the  AMCOS  general 
officer  SAG  on  April  26,  1989.  The  briefing  included  a  demonstration  of  the 
reserve  component  life  cycle  cost  model.  MG  Freitag,  cosponsor  of  the  AMCOS 
contract,  asked  SRA  and  CEAC  to  run  a  validation  run  of  AMCOS.  His  intent  was 
to  compare  AMCOS  output  to  recent  calculations  made  in  support  of  a  recent  Army 
decision  to  deactivate  several  helicopter  units.  The  consensus  was,  if  AMCOS 
could  do  the  same  calculations  in  a  few  hours  (it  did),  versus  the  two  weeks  it 
took  the  Army  Staff,  then  the  Army  Staff  should  be  using  the  models. 

3.4  Meeting  with  CACI.  On  April  26,  1989,  Mr.  Rose,  SRA  met  with  Mr.  Fields, 
CACI  to  discuss  the  integration  of  AMCOS  into  the  family  of  models  used  by  the 
Army  to  evaluate  resources  needed  to  maintain  the  force.  As  a  result  of  this 
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meeting,  CACI  included  a  summary  of  the  AMCOS  system  of  models  in  a  report  they 
prepared  for  the  Army  PA&E  office. 

3.5  Meeting  with  LTC  Lund.  Mr.  Rose,  SRA  Corp.  visited  LTC  Lund,  Army  PA&E 
on  May  2,  1989.  They  discussed  the  parameters  used  by  the  Army  to  estimate  the 
cost  of  deactivating  several  AH-64  units  in  both  the  reserves  and  active 
forces.  These  same  parameters  then  fed  the  AMCOS  LCCMs  to  obtain  a  cost 
estimate  for  the  same  thing.  Mr.  Rose  also  used  the  visit  to  provide  LTC  Lund 
with  a  copy  of  the  AMCOS  active  and  reserve  component  LCCMs  and  to  provide  him 
with  user  training. 

3.6  Customer  Service  Visit  to  CEAC.  Mr.  Rose  and  Ms.  Canuel,  SRA  Corp. 
visited  CEAC  on  May  4,  1989,  to  troubleshoot  the  installation  of  the  most 
recent  version  of  AMCOS.  CEAC  had  been  having  problems  installing  the  model  on 
all  their  machines.  As  a  result  of  that  visit,  SRA  discovered  a  minor  problem 
in  the  installation  software  that  they  quickly  fixed.  CEAC  then  installed  the 
AMCOS  software  on  their  machines  with  no  problems. 

3.7  Meeting  with  AMC  Cost  Analyst.  Mr.  Berson,  AMC  Cost  Analysis  Division 
and  Mrs.  Matthews,  CEAC  met  with  Mr.  Rose,  SRA  Corp.  to  discuss  model 
methodologies.  Specifically,  the  model's  method  for  calculating  training  costs 
interested  Mr.  Berson.  They  were  under  the  misperception  that  AMCOS  included 
training  costs  incurred  by  units. 

3.8  Briefing  to  Army  Staff  at  Pentagon.  Mssrs.  Hogan  and  Rose,  SRA  Corp. 
briefed  the  civilian  LCCM  to  interested  members  of  the  Army  Staff  to  include, 
DCSPER-DCP,  ASA(FM)-Budget  Mgt  Division,  USAR,  NGB,  and  Army  PA&E.  The  purpose 
of  the  briefing  was  to  present  the  civilian  LCCM  to  potential  users  and  obtain 
their  input  on  necessary  modifications  to  meet  the  needs  of  the  Army.  The 
audience  received  the  model  well  but  provided  no  useful  comments  for  modifying 
the  model.  Mr.  Rose  scheduled  a  follow  on  briefing  with  Mr.  Snyder,  DCSPER- 
DCP. 
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3.9  Budget  Analysis  Model  (prototype)  Briefing  to  ART.  Mssrs.  Eichers, 

Hogan,  and  Rose,  SRA  Corp.  and  Mr.  Mairs,  SAG  Corp.  presented  a  prototype  of 
the  budget  analysis  model  to  Dr.  Horne,  ARI,  and  LTC  Martell,  ODCSPER.  The 
concept  demonstrated  with  the  prototype  model  was  well  received  and  LTC  Martell 
seemed  very  interested  in  the  potential  application  of  the  model  for  analyzing 
enlisted  accessions.  LTC  Martell  also  offered  to  act  as  a  coordinator  for 
setting  up  a  briefing  of  the  prototype  to  other  members  of  the  ODCSPER  staff 
who  would  use  the  model. 

3.10  Meeting  at  DCSPER-DCP  to  Brief  the  Civilian  LCCM.  On  June  2,  1989,  Mr. 
Rose  and  Ms.  Canuel,  SRA  Corp.  briefed  the  civilian  LCCM  to  MR.  Snyder  and  his 
staff.  Mr.  Synder's  biggest  concern  was  a  perception  that  any  modification  to 
the  civilian  model  would  cost  the  Army  additional  dollars.  Mr.  Rose  explained 
that  ARI  had  already  paid  for  modification  to  the  model.  Major  revisions, 
however,  would  cost  the  Army  more  money. 

3.11  AMCOS  Team  Meeting.  The  AMCOS  team,  including  Mssrs.  Eichers,  Hogan,  and 
Rose  from  SRA  Corp.  and  Mssrs.  Mairs  and  Mackin  of  SAG  Corp.,  met  to  discuss 
the  evolving  budget  analysis  model  concept  on  August  9,  1989.  The  AMCOS  team 
decided  to  develop  a  list  of  questions  that  users  would  most  likely  ask  the 
model  and  include  it  in  the  forthcoming  Budget  Analysis  Model  Concept  paper. 

3.12  DCSPER  Visit.  On  August  16,  1989,  Mssrs.  Eichers  and  Rose  visited 
ODCSPER  to  demonstrate  a  prototype  of  the  budget  analysis  model  to  selected 
action  officers  who  would  be  using  it.  In  addition,  Mr.  Rose  solicited 
comments  from  the  ODCSPER  action  officers  to  determine  their  needs.  This 
information  would  allow  SRA  to  rank  the  design  features  in  the  model.  ODCSPER 
action  officers  wanted  the  model  to  recommend  optimal  application  of  budget 
cuts  to  the  reenlistment  program.  The  model  will  help  in  this  analysis  by 
showing  costs  of  various  alternatives,  but  it  cannot  compare  benefits.  That 
capability  would  require  a  whole  new  concept  of  operation  that  exceeds  the 
current  contract  specifications. 
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3.13  A$A(FH)  Visit.  Mr.  Rose  visited  Mr.  Mayfield,  MPA  Budget  Division, 
ASA(FM)  on  August  18,  1989.  During  this  meeting  they  discussed  the  methodology 
used  by  AMCOS  to  calculate  the  cost  estimation  of  military  pay  and  allowances. 
The  army's  MPA  budget  analysts  expressed  an  interested  in  finding  an 
alternative  method  for  estimating  the  MPA  budget.  Mr.  Rose  explained  the  look¬ 
up  table  procedure  used  by  AMCOS  to  estimate  pay  and  allowances.  Then  Mr.  Rose 
installed  the  active  component  LCCM,  but  suggested  that  SRA  was  building  a 
budget  analysis  model  that  would  be  more  suited  to  their  needs  and  asked  Mr. 
Mayfield  if  they  would  like  to  participate  in  the  review  of  the  test  version  of 
the  model.  He  stated  they  would. 

3.14  Concept  Briefing  to  COR.  On  August  25,  1989,  the  AMCOS  Team  (SRA  and 
SAG  Corp.)  briefed  Dr.  Horne,  ARI,  on  the  budget  analysis  model  concept  to 
include  a  discussion  of  the  major  issues  and  how  SRA  intended  to  resolve  them. 
As  with  other  models,  we  will  start  simple  and  add  complexity  if  the  Army  wants 
it  and  funds  it. 

3.15  Concept  Briefing  #2  to  COR.  Mssrs.  Rose  and  Eichers,  SRA  Corp.  and 
Mssrs.  Mairs  and  Mackin,  SAG  Corp.,  met  with  Dr.  Horne,  ARI  to  present  a 
revised  model  concept  on  September  20,  1989.  The  purpose  was  to  obtain  Army 
approval  before  we  started  to  code  the  model.  Dr.  Horne  gave  us  that  approval. 
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4.0  FISCAL  STATUS  REPORT 


4.1  SUMMARY  OF  EXPENDITURES 

Table  4-1  shows  the  staff -months  expended  and  dollars  obligated  by  month 
for  April  1989  through  September  1989.  It  also  shows  cumulative  labor  and  cost 
for  the  contract  to  date  for  each  month.  We  have  shown  the  labor  and 
expenditures  remaining  in  the  contract  at  the  end  of  the  reporting  period  as 
well.  At  the  end  of  September  1989,  the  contract  had  used  161  staff -months  at 
a  total  cost  of  $1365  thousand.  SRA  also  received  a  contract  modification 
effective  May  5,  1989,  that  raised  the  limit  of  AMCOS  spending  to  $1629.  As  a 
result  of  that  contract  modification,  we  have  approximately  29  staff  months  and 
$264  thousand  remaining  in  the  contract. 

TABLE  4-1 
EXPENDITURES 


Staff-Months  Obligations  ($  thousands) 

Month  Monthly  Cumulative  Planned  Obligated  Cumulative 


March* 

- 

145 

-- 

-- 

1201 

April 

2 

147 

28 

28 

1229 

May 

2 

149 

28 

41 

1270 

June 

1 

150 

28 

21 

1291 

July 

2 

152 

28 

13 

1304 

August 

4 

156 

28 

25 

1329 

September 

5 

161 

28 

36 

1365 

Remaining 

29 

264 

Total  from  previous  Semi-Annual  Report 

During  the  past  six  months,  SRA's  monthly  expenditures  reflect  the  transition 
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of  work  from  the  LCCM  to  the  Budget  Analysis  model.  The  work  during  the  first 
half  this  reporting  period  focused  on  completing  the  LCCMs  and  starting  work  on 
our  last  model,  the  budget  analysis  model.  The  average  monthly  expenditure 
during  the  reporting  period  was  $27  thousand. 

Because  of  the  nature  of  the  labor  mix  during  this  period,  the  cost  was 
somewhat  higher  than  over  the  life  of  the  contract.  The  average  cost  to  date 
is  under  $8.5  thousand  per  staff-month.  The  average  expenditure  per 
staff-month  for  this  six-month  period  was  $10.25  thousand. 

The  cumulative  expenditure  to  date  is  $1,365,000  and  compares  favorably 
with  the  planned  cumulative  expenditure  of  $1,399,000  through  September  30, 
1989.  Figure  4.1  compares  the  cumulative  planned  costs  per  month  with  actual 
cumulative  expenditures  per  month  for  the  reporting  period.  At  the  end  of  this 
reporting  period,  cumulative  expenditures  are  about  $34,000  below  the  planned 
level . 


EXPENDITURES  WITHIN  PLAN 


□ 


FIGURE  4.1 

CUMULATIVE  EXPENDITURES 
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4.2  STAFF-DAY  ACCOUNTING  BY  PROFESSIONAL 


Table  4-2  provides  a  detailed  break  down  of  the  professional  staff-time 
expended  during  the  period  by  task  and  by  staff  professional  (including 
subcontractor  personnel).  For  comparison  purposes  the  block  just  below  the 
table  entitled  "planned",  provides  the  staff  days  planned  by  task  as  stated  in 
the  previous  semi-annual  report.  Professional  staff  participation  in  AMCOS  is 
in  balance  with  the  work  achieved  in  this  reporting  period  and  is  consistent 
with  the  plan  for  this  period. 

TABLE  4-2 

PROFESSIONAL  STAFF-DAYS  PER  PERSON  PER  TASK 


Task  1 

Task  2 

Task  3 

Task  4 

Staff 

Concept 

Model 

Model 

Briefing 

Professional  Development 

Development 

Validation 

SAG  Etc. 

Total 

SRA 

Black 

6 

3 

9 

Wagonner 

26 

15 

3 

44 

Eichers 

74 

43 

10 

127 

Gregg 

2 

1 

1 

1 

5 

Hogan 

5 

4 

9 

Hunter 

2 

6 

8 

Reed 

4 

4 

Rose 

23 

31 

18 

25 

97 

Rubens 

6 

6 

Simmons 

3 

3 

Slywester 

1 

1 

Other 

5 

5 

5 

15 

Subtotal 

47 

142 

88 

51 

328 

SAG 

36 

42 

18 

21 

117 

TOTAL 

83(19%) 

184(41%) 

106(24%) 

72(16%) 

445(100%) 

PLANNED 

100(20%) 

200(40%) 

130(26%) 

70(14%) 

500(100%) 
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Task  1  -  Prepare  the  Concept  Paper  for  formal  publication. 

Task  2  -  Develop  and  enhance  LCCM  models. 

Task  3  -  Validate  LCCM  model. 

Task  4  -  Interact  with  Army  sponsors,  train  users,  and  demonstrate  the  finished 
product.  (See  Chapter  3) 


Tasks  1  and  2,  model  development  and  validation,  represented  most  of  our 
work  (65%)  during  the  reporting  period.  Task  3,  Concept  development,  used  18% 
of  our  time  and  focused  on  the  design  of  the  budget  analysis  model.  Finally, 
we  spent  16%  of  our  time  on  task  4  briefing  and  training  army  users.  Only  task 
4  exceeded  the  planned  level  of  effort  and  the  total  was  well  within  budgeted 
500  staff -days  level  of  effort. 

4.3  PLANNED  EFFORT  BY  TASK 

During  the  next  six  months  (through  March  1990),  SRA  will  develop  and 
deliver  three  major  products.  A  budget  analysis  model  design  paper,  a  Budget 
Analysis  Model  (test),  and  the  update  of  the  cost  data  bases  for  all  models 
completed  to  date.  In  addition  they  will  start  modification  of  the  test  Budget 
Analysis  Model  based  on  user  feedback. 

Table  4-3  summarizes  our  estimated  six-month  work  load  by  staff  days  and 
expenditures  by  task  for  the  next  reporting  period. 
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TABLE  4-3 


PROJECTED  RESOURCES 


TASK  1 

TASK  2 

TASK  3 

TASK  4 

TOTAL 

STAFF  DAYS 

65 

95 

35 

35 

230 

EXPENDITURES  ($K) 

26 

38 

14 

14 

92 

AS  %  OF  TOTAL 

28% 

41% 

15% 

15% 

100% 

4.4  AMCOS  SPENDING  PLAN 

Figure  4.2  shows  the  expenditures,  both  actual  and  planned,  by  quarter 
for  the  entire  five  year  contract  as  modified  by  the  Army  Research  Institute  in 
the  last  contract  modification.  The  clear  area  displays  the  actual 
expenditures  by  quarter  for  a  total  cost  of  $1365  thousand.  The  hashed  area 
shows  planned  expenditures  for  the  remainder  of  the  contract.  They  total  $204 
thousand,  with  $134  thousand  planned  for  FY90. 

The  AMCOS  team  will  concentrate  on  completion  of  an  operational  version 
of  the  budget  analysis  model  during  this  next  reporting  period  (first  half  of 
FY90)  at  a  cost  of  about  $100  thousand.  This  model  will  provide  the  user  with 
a  capability  to  analyze  personnel  policy  decisions  and  measure  the  impact  on 
the  budget.  The  model  will  use  the  structured  cost  data  base  from  the  LCCMs 
but  will  integrate  an  inventory  projection  module  to  allow  near  term  projection 
of  costs.  In  addition,  maintenance  of  all  previously  developed  models  during 
that  year  will  cost  about  $34  thousand.  We  propose  to  spend  the  remaining 
funds  in  FY91  ($70  thousand)  updating  all  models,  writing  the  final  report,  and 
transferring  the  entire  system  of  models  to  the  Army.  If  the  Army  wants 
further  enhancements  to  AMCOS,  or  additional  costing  support  like  that  called 
for  in  baseline  cost  estimates,  then  it  would  need  to  increase  the  contract 
ceiling  to  add  funding  above  this  plan. 
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FIGURE  4.2 
AMCOS  SPENDING  PLAN 


The  plan  calls  for  the  AMCOS  to  be  transferred  to  the  Army  with  final 
documentation  delivered  in  March  1991.  The  AMCOS  team  will  complete  all  models 
by  September  1990,  but  it  will  still  need  to  update  data  bases  and  to  complete 
documentation  in  FY91. 

4.5  NEAR-TERM  PRODUCT  SCHEDULE 

Table  4-4  below  shows  the  near  term  products  for  AMCOS  to  be  delivered  in 
the  next  nine  month  period. 
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TABLE  4-4 

NEAR  TERM  PRODUCTS  SCHEDULE 

DATE 

September  31,  89 
December  31,  89 
January  31,  90 


PRODUCT 

1.  Budget  Analysis  Model  Draft  Concept  Paper 

2.  Budget  Analysis  Model  (Test) 

3.  Update  of  all  AMCOS  Models  with  FY89  Data 


5.0  PROBLEMS  ENCOUNTERED 

5.1  TIMELINESS  OF  THE  ATRM-159 

As  we  reported  in  the  previous  semi-annual  report,  TRADOC  has  been  having 
some  difficulty  in  updating  the  ATRM-159.  TRADOC  has  not  updated  the  report's 
course  costs  since  December  1986.  TRADOC  has  reprogrammed  the  model  that 
processes  the  raw  data  received  from  the  field;  however,  they  are  having 
difficulty  processing  the  raw  data  because  of  inconsistencies  among  the  various 
training  installations'  reports.  As  a  result,  TRADOC  has  not  updated  the 
ATRM-159  to  reflect  FY88  costs.  TRADOC  has  completed  the  processing  of  several 
Army  schools  and  will  send  us  that  data  so  that  AMCOS  can  be  reprogrammed  to 
receive  the  new  data.  TRADOC  has  assigned  a  new  analyst  on  the  report  full 
time  and  will  work  on  this  report  until  the  FY88  report  is  complete.  There  is 
no  estimate  as  to  when  that  will  be  complete.  Meanwhile,  AMCOS  will  continue 
to  use  the  previous  ATRM-159  data  adjusted  by  estimated  inflation  factors. 

5.2  SYSTEM  ENHANCEMENT  AND  DATA  BASE  MAINTENANCE 

Execution  of  this  contract  conentrated  on  building  simple  models,  getting 
them  to  the  users  early  in  the  contract,  enhancing  them  as  the  users  confirmed 
needs  for  more  sophistication  through  hands  on  use  of  the  models.  This 
procedure  has  proved  highly  successful,  but  resulted  in  front  loading  the  work 
as  illustrated  in  Figure  4.2  in  the  previous  chapter.  If  the  government 
determines  that  it  wants  additional  major  enhancements  to  the  models  or  their 
data  bases  during  the  last  year  of  the  contract,  it  will  need  to  add  to  the 
contract  ceiling.  The  Army  also  needs  to  consider  how  it  will  modernize  the 
models  and  how  it  will  accomplish  annual  data  base  updating  after  the  end  of 
this  contract  in  March  1991.  Appendix  A  suggests  some  ideas. 
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6.0  CONCLUSION 


Work  on  AMCOS  has  been  very  successful.  During  the  42  months  of  contract 
performance  through  this  reporting  period,  SRA  has  delivered  32  products  on 
time  and  within  cost.  Figure  6.1  shows  the  cumulative  cost  plan  for  the 
duration  of  the  contract  by  six  month  reporting  periods  and  SRA's  performance 
to  date.  Notice  that  we  are  within  cost  for  each  of  the  seven  reporting 
periods  covered  through  September  1989. 

SRA  has  completed  the  development  and  delivery  of  a  LCCM  for  each  of  the 
three  army  communities;  active,  reserve,  and  civilian.  The  COR  has  accepted 
all  three  LCCMs  as  fully  operational.  During  the  next  year  we  will  complete 
development  of  the  budget  analysis  model.  In  FY91,  SRA  will  update  the  data 
base  for  the  last  time  and  we  will  complete  and  deliver  all  the  AMCOS  models 
and  their  documentation  by  March,  1991. 
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FIGURE  6.1 

CUMULATIVE  COST  PLAN 
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STATUS  AS  OF 


COMMUNITY 

COVERED 


MODEL 


OffidiMy  AcctpM 


Under  Development 


11221 -0031M 


FIGURE  6.1 

AMCOS  DEVELOPMENT  PLAN 
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7.0  AUTHENTICATION 


This  semi-annual  report  is  approved. 


Donald  E.  Rose,  Jr.i 
Contractor's  Project 


Director 


David  K.  Horne,  Ph.D. 
Contracting  Officer's 
Representative 
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APPENDIX  A 

AMCOS  MAINTENANCE  AND  FOLLOW-ON  ENHANCEMENTS 
A. I  AMCOS  MAINTENANCE  AND  SERVICE 

AMCOS  has  been  very  successful  to  date  in  providing  the  Army  with 
tools  that  allow  them  to  estimate  future  manpower  costs.  The  models  we  built 
are  current,  flexible,  user  friendly,  and  proved  to  be  very  useful  to  the  Army 
in  several  applications.  If  these  models  are  to  retain  their  usefulness  they 
will  need  to  be  maintained  on  an  annual  basis.  Specifically,  the  Army  will 
have  to  update  the  structured  cost  data  base  annually  with  current  cost  data 
and  it  must  be  able  to  modify  and  update  the  model's  code  as  necessary  to 
reflect  the  current  policies.  The  Army  must  consider  how  they  will  maintain 
the  AMCOS  models  after  completion  of  the  contract. 

Over  the  past  42  months,  SRA  has  maintained  the  AMCOS  models.  The 
resources  we  used  each  year  to  perform  this  function  were  3  man-months  of 
effort  using  at  least  one  programmer  proficient  in  "C".  Because  of  our 
experience  in  updating  the  models'  cost  data  bases,  we  are  not  only  intimately 
familiar  with  the  AMCOS  models  but  we  are  able  to  update  the  models  with  a 
minimum  of  problems.  An  option  available  to  the  Army  is  to  have  SRA  continue 
the  maintenance  of  the  AMCOS  models. 

A. 2  FOLLOW-ON  ENHANCEMENTS 

The  AMCOS  models  are  state  of  the  art  analytical  tools  that  have  been 
very  helpful  for  the  Army.  Even  so,  technology  is  constantly  improving  and 
there  are  several  areas  that  could  be  improved  to  allow  the  army  users  more 
efficiency,  completeness,  and  flexibility.  We  have  discussed  these  potential 
enhancements  with  the  Director  of  CEAC.  The  enhancements  are  summarized 
below.  They  reflect  the  needs  that  the  Army  has  expressed  to  us  over  the  life 
of  the  contract  to  date. 

A.2.1.  User  Flexibility 

A. 2. 1.1.  Automated  Selection  of  ATRM-159  Cost  Elements 


A-1 


At  present  AMCOS  uses  only  the  total  variable  costs  from  the  ATRM-159  as 
input  to  the  structured  cost  data  base,  but  the  report  contains  much  more 
detailed  data  that  is  of  interest  to  several  users.  Some  of  that  data 
includes  the  detailed  costs  for  both  fixed  and  variable  costs;  overhead  costs; 
and  information  about  class  size  modal  grade,  etc.  What  is  a  fixed  cost  and 
what  is  a  variable  cost  often  depends  on  the  nature  of  the  question.  A  useful 
enhancement  to  AMCOS  would  allow  the  user  to  choose  the  data  that  is  most 
appropriate  to  the  issue. 

A. 2. 1.2.  Expanded  PCS  Policy  Nodule 

At  present  AMCOS  costs  PCS  moves  using  a  single  cost  factor  for  each 
category  of  move.  This  certainly  provides  reasonable  cost  estimates  for 
determining  PCS  costs,  but  does  not  provide  the  degree  of  flexibility  that  an 
enhanced  PCS  module  would  provide.  The  refined  module  would  expand  the 
current  cost  capability  by  including  additional  cost  variables.  The  analyst 
would  then  be  able  to  evaluate  such  policies  as  SEPOS  (senior  enlisted 
positions  overseas)  levels,  numbers  of  accession  moves  made  overseas,  or  the 
numbers  of  total  OCONUS  tours  in  view  of  a  major  budget  reduction.  Expanding 
the  PCS  module  would  require  more  detailed  data  than  is  already  available  to 
the  Army.  We  propose  that  the  Army  initiate  a  study  to  obtain  more  detailed 
data  on  the  variables  that  influence  PCS  costs.  With  the  new  data  SRA  would 
be  able  to  develop  revised  cost  estimates  that  would  provide  reasonable 
answers  to  some  of  the  more  difficult  PCS  questions.  By  adding  this  module  to 
the  AMCOS  budget  analysis  model,  the  Army  would  make  the  model  a  much  more 
flexible  tool.  An  additional  incentive  for  developing  a  more  sophisticated 
model  is  the  current  DoD  Directive  requiring  the  services  to  develop  options 
for  providing  much  of  this  information  to  a  DoD  PCS  management  information 
system. 

A. 2. 1.3.  A  Report  Writer 

Because  of  the  wide  variety  of  applications  of  applications  of  AMCOS 
there  is  no  one  standard  report  format.  For  that  reason  a  report  writer 
module  with  a  choice  of  several  report  formats,  including  the  capability  to 


tailor  the  report  to  specific  needs,  would  be  a  very  useful  option.  For 
example,  CEAC  analysts  would  be  able  to  print  AMCOS  output  in  "P-92"  format 
thereby  eliminating  the  need  ti  transfer  the  data  from  one  to  the  other. 

A. 2. 1.4.  Automated  Generation  of  Final  Cost  Files 

The  current  AMCOS  models  have  default  final  cost  files  that  must  be 
generated  by  SRA  (or  whoever  is  maintaining  the  models).  These  final  cost 
files  can  be  modified  by  the  user,  but  it  is  a  limited  capability.  A  useful 
enhancement  to  the  model  would  be  the  creation  of  a  shell  that  would  allow  the 
user  to  automatically  rerun  selected  policy  modules.  This  would  make  it  much 
easier  to  generate  additional  final  cost  files.  This  capability  makes  it  much 
easier  for  the  user  to  evaluate  personnel  policy  alternatives  that  affect 
manpower  costs. 

A. 2. 2.  Data  Completeness 

A. 2. 2.1  Addition  of  an  Accession  Supply  Module 

Under  this  option,  the  budget  analysis  model  would  include  a  module  that 
predicts  the  number  of  accessions  by  mental  category,  for  a  given  market 
scenario.  This  methodology  would  provide  a  more  accurate  estimate  of  the 
accession  requirements.  The  existing  method  calculates  accessions  as  the 
difference  between  endstrength  targets  and  projected  inventory.  The  use  of 
this  method  assumes  that  the  manpower  pool  will  fully  support  accession 
requirements  in  terms  of  both  numbers  and  quality.  An  accession  supply  module 
would  eliminate  the  need  to  make  that  assumption  and  therefore  provide  the 
user  with  a  more  defensible  estimate. 

A. 2. 2. 2.  ASI,  SQI,  and  NCOES  Costs 

In  the  area  of  training,  the  current  structured  cost  data  base  does  not 
include  costs  for  the  non-commissioned  officer  educational  system  (NCOES).  It 
also  does  not  include  the  costs  to  provide  specialty  training  at  the  sub  MOS 
level.  An  enhancement  to  the  AMCOS  models  would  be  the  development  of  a 
methodology  to  spread  these  costs  to  the  MOS  level  of  detail. 


A. 2. 2. 3.  Transition  Cost  Calculator 


As  new  weapon  systems  phase  in  and  phase  out  of  the  army  inventory,  MOS 
are  constantly  changing  with  the  Army  retraining  personnel  to  receive  the  new 
MOS.  A  useful  enhancement  to  the  models  would  be  the  addition  of  a  module 
that  automatically  calculates  the  cost  of  retraining  an  individual  into  the 
new  MOS  during  the  transition  of  new  weapon  systems. 

A. 2. 3.  Efficiency  of  the  Model 

A. 2. 3.1.  Optional  Amortization  Methods 

In  a  model  such  as  the  LCCM  where  inventory  flow  is  not  explicitly 
modeled  there  is  a  problem  of  how  to  deal  with  investment  costs  that  realize  a 
return  to  the  Army  throughout  the  soldier's  career.  At  present  the  model  uses 
one  amortization  scheme,  but  since  there  is  no  "right"  way  to  amortize  for  all 
situations,  alternative  schemes  could  be  offered  to  the  user  through  an 
enhanced  amortization  module. 

A. 2. 3. 2.  Automated  MOS-B  Module 

The  Army's  MOS-B  publication  captures  the  accumulated  costs  of  a  soldier 
from  the  reception  station  to  the  completion  of  skill  level  5  training.  It 
includes  bonus  costs  for  enlistment  and  reenlistment.  It  is  not  a  useful  tool 
for  two  reasons.  One,  the  publication  is  outdated,  as  the  Army  has  not 
updated  it  for  several  years;  two,  it  is  not  automated.  The  structured  cost 
data  base  already  contains  most  of  these  costs.  A  much  needed  enhancement 
would  be  to  automate  the  calculation  of  the  MOS-B  costs.  This  would  provide 
the  user  with  up  to  date  soldier  replacement  costs  quickly. 
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EPICC  Semi-Annual  Progress  Report 


1.0  This  report  is  submitted  as  deliverable  0002AB  under  contract  number 
MDA903-89-C-0264.  The  report  is  organized  as  follows: 

•  Section  1  is  the  report  organization 

•  Section  2  discusses  the  project  activity  to  date. 

•  Section  3  deals  with  problems  encountered  during  the 
reporting  period, 

•  Section  4  provides  an  overview  of  the  EPICC  model. 

•  Section  5  is  a  summary  of  all  briefings,  meetings,  visits, 
or  seminars,  held  during  the  reporting  period. 

•  Section  6  is  a  summary  of  the  project's  fiscal  data. 


2.0  Project  Activity  to  Date 

In  September  work  officially  began  on  the  Force  Structure  Planning  Model 
(FSPM).  Since  that  time  all  parties  have  agreed  that  this  project  will  now  be 
called  the  Enlisted  Personnel  Inventory  Cost  and  Compensation  (EPICC)  Model 
because  it  is  more  descriptive  of  the  purpose  of  the  model.  Henceforth  all 
references  to  this  project  will  be  made  using  the  acronym  EPICC. 

In  September  we  initiated  planning  for  development  of  the  concept  paper 
and  initial  model  prototype.  This  required  putting  together  an  overview 
briefing  of  our  concept  and  bringing  that  briefing  to  potential  users.  This 
became  an  iterative  process  as  we  integrated  their  suggested  changes  or 
improvements.  As  the  concept  became  more  concrete  we  built  a  LOTUS 
spreadsheet  model  on  a  reduced  scale  for  the  purpose  of  surfacing  design 
issues.  In  addition  this  spreadsheet  assisted  us  in  conveying  how  we  would 
build  this  model  to  potential  users. 

Specific  offices  that  we  briefed  the  concept  and  spreadsheet  to  are 
listed  below; 

ODCSPER  (DAPE-MPA,  DAPE-MPE,  DAPE-MBF) 

ASA(MRA) 

OCSA  (DACS-PDM) 

Army  Research  Institute  (ARI) 


In  January  we  completed  development  of  the  initial  mathematical  models 
that  would  be  used  to  program  the  EPICC  inventory  projection  module.  The 
inventory  projection  module  is  the  core  of  the  Enlisted  Personnel  Inventory 
Cost  and  Compensation  Model.  Using  a  projection  scenario  defined  by  the 
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analyst,  the  module  "ages"  the  baseline  enlisted  force,  determines  promotions 
and  accessions,  and  calculates  summary  measures  describing  the  projected 
force.  (Appendix  A  contains  a  detailed  discussion  of  the  mathematical  model) 
Also  in  January  we  initiated  assessment  of  the  model's  data  needs  and 
subsequently  sent  a  formal  request  for  the  main  body  of  data  to  DMDC. 

The  primary  activity  during  the  month  of  February,  was  the  development 
of  file  structures,  data  requirements,  and  the  initiation  of  programming  of 
the  inventory  projection  model. 

3.0  Problems  Encountered  or  Anticipated.  Listed  below  are  discussions  of  two 
issues  surfaced  during  the  design  phase  of  EPICC.  There  were  other  problems 
of  lesser  importance  that  will  be  discussed  in  greater  detail  in  our  design 
paper  to  be  published  in  May,  1990. 

3.1  Large  Memory  Requirements.  In  determining  the  memory  requirements  for 
processing  data,  we  realized  that  the  constraining  module  in  the  EPICC  model 
is  the  inventory  projection  module.  All  other  modules  are  automated  tools 
currently  being  used  by  the  Army  with  no  foreseeable  memory  problems.  Since 
the  model  design  calls  for  running  each  module  sequentially,  we  focused  on  the 
data  processing  requirements  of  the  inventory  module. 

The  Inventory  Projection  Module  of  EPICC  will  initially  be  broken  into 
three  executables;  1)  setting  up  the  projection  scenario,  2)  running  the  force 
projection,  and  3)  displaying  the  results.  The  main  advantage  of  this 
approach  is  that  the  RAM  needed  for  the  windowing  package  can  be  isolated  in 
executables  1)  and  3).  The  executables  can  perhaps  be  joined  in  the  future  as 
memory  permits.  We  expect  that  the  windowing  package  will  require  no  more 
than  150k  bytes  of  RAM. 

Under  this  plan  the  executable  to  run  the  force  projection  requires  the 
most  careful  planning  with  respect  to  memory.  We  expect  this  executable  to 
use  no  more  than  300k  bytes  of  RAM.  When  considering  that  windowing  uses  no 
more  than  150k  at  any  given  time,  we  will  fall  well  within  the  640k  bytes  RAM 
common  to  most  machines. 

3.2.  Small  Cell  Sizes.  As  the  sample  of  soldiers  used  to  calculate  a 
particular  continuation  rate  decreases,  the  standard  error  of  that  rate  and, 
therefore,  the  standard  error  of  the  projected  inventories  based  on  that  rate 
increase.  In  the  limit,  rates  for  cells  with  zero  members  cannot  be 
estimated.  One  response  to  small  cell  sizes  is  to  pool  soldiers  across 
inventories,  years  of  service,  skills,  or  fiscal  years  and  calculate  rates 
based  on  these  aggregated  cells.  This,  however,  can  introduce  bias  into  the 
estimated  rates  because  the  soldiers  used  to  calculate  a  particular  rate  no 
longer  have  the  same  characteristics.  In  general,  there  is  a  tradeoff 
between  reducing  the  variance  of  an  estimated  rate  and  increasing  the  bias. 

We  propose  the  following  procedure  for  dealing  with  the  small  cell  size 
problem  in  the  EPICC.  First,  we  will  identify  those  continuation  rates  based 
on  cell  sizes  of  less  than  25  soldiers.  Below  this  level,  the  confidence 
interval  for  predictions  based  on  these  continuation  rates  becomes 
unacceptably  large.  Then,  we  will  combine  the  soldiers  in  each  of  these  cells 
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with  soldiers  in  the  same  YOS,  race,  sex,  and  quality  category  in  a  "related" 
occupation  and  recalculate  the  continuation  rates.  The  pooled  rates  will 
replace  the  rates  actually  observed  in  the  small-sample  cells. 

Previous  research  has  shown  that  demographic  and  YOS  differences  in 
reenlistment  rates  are  substantial,  so  that  pooling  across  these 
characteristics  would  significantly  bias  the  rates.  Pooling  across  fiscal 
years  is  also  not  desirable  because  it  obscures  the  effects  of  recent 
personnel  policy  changes  on  continuation  rates.  The  best  way  to  pool, 
therefore,  seems  to  be  across  similar  occupations,  such  as  within  the  combat 
arms  skills.  We  can  use  standard  statistical  tests  to  choose  the  occupations 
that  are  best  for  pooling. 

4.0.  Overview  of  the  EPICC  Model 

EPICC  models  the  Army  enlisted  force  at  the  all  Army  and  CMF  level.  It 
captures  the  salient  aspects  of  both  the  manpower  and  personnel  systems.  It 
allows  analysts  to  model  pay  and  personnel  policies  in  order  to  forecast  their 
inventory  and  budget  effects  as  the  force  evolves  over  time  and  persists  in  a 
steady-state.  As  noted  below,  there  are  three  primary  modules  that  comprise 
EPICC. 

•  The  Inventory  Projection  Module,  based  on  Markov  transition 
probabilities,  will  project  the  inventory  of  the  relevant 
occupational  groups  as  a  function  of  demographic  and  quality 
characteristics,  and  personnel  system  variables. 

-  The  module  can  be  driven  by  an  end-strength  goal,  or 
the  supply  of  accessions,  based  on  the  user's  choice; 

-  The  Promotion  sub-module  will  model  the  effects  of  a 
vacancy-driven  promotion  system,  but  will  also  allow 
the  analyst  to  examine  the  effects  of  alternative 
rule-based  systems  including  alternative  time-in- 
grade,  time-in-service  assumptions;  and 

-  The  Personnel  Planning  sub-module  will  allow  the 
analyst  to  examine  the  effects  of  changes  in  key 
policy  variables,  such  as  reenlistment  eligibility 
rates,  enlistment  and  reenlistment  contract  mix,  and 
"early  out"  policies. 


•  The  Compensation  and  Retention  Module  allows  the  analyst  to 
estimate  the  effect  of  alternative  compensation  and  bonus 
policies  on  retention. 

-  The  analyst  may  specify  and  analyze  a  scenario  for 
active  duty  soldiers  that  includes  the  pay  of 
soldiers,  bonus  levels  at  zones  A,  B  and  C,  the 
increase  in  the  pay  of  civilians  relevant  to  soldiers, 
and  the  path  of  the  civilian  unemployment  rate;  and 
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Targeted  pay  raises,  the  effectiveness  of  reenlistment 
bonuses,  and  the  retention  effects  of  changes  to  the 
retirement  system  may  be  considered. 


•  The  Cost  Module  provides  the  analyst  with  an  immediate 
estimate  of  the  cost  of  the  inventory,  and  the  compensation 
and  personnel  policies  analyzed,  for  each  projection  year. 

-  The  module  will  include  the  costs  of  recruiting, 
training  and  sustaining  the  inventory; 

-  It  will  allow  the  analyst  to  consider  the  cost 
implications  of  key  policies  such  as  the  timing  of 
training,  the  average  PCS  tour  length,  and  alternative 
quality  mixes  of  recruits;  and 

-  It  will  interface  with  the  Compensation  Module,  so 
that  the  cost  implications  of  alternative  pay  raise 
and  bonuses  scenarios  considered  in  the  Compensation 
Module  will  be  immediately  reflected  in  the  cost  data 
base. 

These  three  integrated  components  form  a  comprehensive  system  for 

(1) projecting  the  enlisted  force  over  time  under  aHernative  scenarios, 

(2) estimating  the  effects  of  changes  in  manpower  requirements,  and 

(3) eval uating  the  effects  of  alternative  compensation  and  personnel  policies 
on  force  manning  and  cost.  For  example,  the  EPICC  Model  will  allow  the 
analyst  to  consider  not  only  the  primary  "impact"  effects  of  policy  changes, 
such  as  the  increased  retention  associated  with  higher  Zone  A  reenlistment 
bonuses,  but  the  ripple  effects  on  accessions,  recruiting  costs,  force 
sustainment  costs,  and  promotion  times. 

5.0.  Summary  of  all  briefings,  meetings,  visits,  or  seminars 

5.1.  October  25,  1989,  Dr.  Smith  and  Mr.  Rose,  SRA,  briefed  LTC  Martell, 
ODCSPER  (DAPE-MPA)  on  the  EPICC  concept.  As  a  result  of  that  meeting  LTC 
Martell  suggested  several  offices  that  should  be  briefed  and  solicited  for 
comments. 

5.2.  November  1,  1989,  Dr.  Smith  and  Mr.  Rose,  SRA,  visited  with 
representatives  from  the  ODCSPER  Staff  (DAPE-MPE,  DAPE-MPA)  to  discuss  the 
EPICC  concept.  The  major  concern  expressed  at  this  meeting  was  for  an 
official  sponsor.  Dr.  Horne  indicated  that  a  briefing  to  BG  Stroup  was 
planned  for  November  3,  1990.  He  expects  BG  Stroup  to  pick  up  sponsorship  at 
that  briefing. 

5.3.  November  9,  1989,  Dr.  Smith  and  Mr  Rose,  SRA  met  with  representatives  of 
the  ODCSPER  Staff  (DAPE-MBF)  to  discuss  the  EPICC  concept.  The  major  concern 
expressed  at  this  meeting  was  the  perception  that  EPICC  could  replace  ELIM- 
COMPLIP.  We  assured  all  present  that  EPICC,  as  a  tool  for  analysis,  would 
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compliment  the  capabilities  of  ELIM-COMPLIP. 

5.4.  December  6,  1989,  Dr.  Smith  and  Mr.  Rose  visited  MAJ  Scribner,  Army 
PA&E,  to  discuss  the  EPICC  concept.  There  were  no  major  concerns  with  the 
material  presented. 

5.5.  February  1,  1990,  Dr.  Smith  and  Mr.  Rose  met  with  COL  Thie,  ASA(M&RA), 
to  discuss  the  EPICC  concept.  COL  Thie  was  very  receptive  and  added  that  he 
could  use  the  model  right  now.  He  indicated  that  as  soon  as  the  model  was 
running  with  meaningful  data  he  would  like  to  give  the  model  to  the  Deputy 
Asst  Secretary  of  the  Army  for  Military  Personnel  Management  to  review. 

5.6.  March  9,  1990,  the  SRA  EPICC  team  visited  ARI  to  brief  the  ARI  Econ 
Team.  Key  members  of  ARI  in  attendance  were,  Dr.  Gilroy,  Dr.  Horne,  Dr.  Nord, 
and  Dr.  Tinney.  The  concept,  as  presented,  was  well  received. 


6.0.  Fiscal  Report 

6.1  Table  1  displays  in  tabular  form  the  professional  man-days  expended  by 
task  (includes  cumulative  man-days,  remaining  man-days).  Table  2  displays  in 
tabular  form  the  actual  versus  planned  expenditures,  and  remaining  funds 
(includes  projected  costs  for  the  remainder  of  the  contract).  Note  that 
projected  expenditures  reflect  an  accelerated  schedule  as  outlined  in  our 
proposal . 

6.2  Figure  1  graphically  displays  the  actual  costs  expended  during  the 
reporting  period  and  the  projected  costs  for  the  remainder  of  the  contract. 
Figure  2  graphically  compares  actual  costs  with  planned  for  the  reporting 
period. 
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TABLE  1:  Professional  Man-Davs 


Emolovee  Name 

Task  1^ 

Task  2^ 

Task  3^ 

Cumulative 

Black,  Matthew 

3.6 

3.6 

Chin,  Carol 

1.7 

1.7 

Eichers,  Danny 

26.4 

26.4 

Greg,  Thomas 

.6 

0.6 

Hogan,  Paul'* 

2.5 

2.5 

Lewis,  Beth 

45.0 

15.5 

55.5 

Rose,  Donald 

10.5 

15.1 

23.0 

48.6 

Smith,  Dave 

35.2 

21.3 

56.5 

Slywester,  Stephen 

9.7 

9.7 

Villa,  Christine 

.7 

0.7 

Wagoner,  Raelene 

.4 

0.4 

Support 

5.2 

5.2 

Total  Days  Used 

93.2 

41.5 

81.7 

211.4 

Days  Remaining  as 

of  March  1990 

750.6 

^  Task  1  is  to  develop  an  enlisted  inventory  projection  model 

^  Task  2  is  to  develop  a  cost  interface  with  the  AMCOS  cost  data  base 

^  Task  3  is  to  integrate  the  inventory  projection  model,  the  cost 
interface,  and  the  Army  Reenlistment  Model  into  a  PC  based  prototype 

^Includes  hours  charged  as  a  subcontractor. 


8 


TABLE  2:  Project  Costs 
March,  1990 


Month 

Planned 

Actual 

Cum 

Remainim 

9/89 

0 

0 

0 

368156 

10/89 

12829 

14397 

14397 

353759 

11/89 

18220 

13284 

27681 

340475 

12/89 

19805 

15038 

42719 

325437 

1/90 

21600 

17969 

60688 

307468 

2/90 

22786 

15748 

76436 

291720 

3/90 

26842 

23040 

99476 

268680 

4/90 

24256 

5/90 

27706 

6/90 

26054 

7/90 

27358 

8/90 

36601 

9/90 

23477 

10/90 

18766 

11/90 

18766 

12/90 

15818 

1/91 

15818 

2/91 

8818 

3/91 

7000 

9 


Figure  1 


Projected  Spending 
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EXPENDITURES 
CACTUAL  VS.  planned:) 


DATE 
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gure  2  -  EPICC  Expenditures 


ACTUAL 

PLANNED 
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MATCHING  PEOPLE  WITH  JOBS; 
THE  DEVELOPMENT  OF  A  NEW  ^MY 
PERSONNEL  ALLOCATION  SYSTEiT 


OVERVIEW 


This  paper  describes  the  development  of  the  new  EPAS  system  for  matching  people 
with  occupations  for  the  Army.  The  important  factors  and  policies  affecting  the 
personnel  decisions,  the  design  of  the  system,  and  expected  benefits  form  the 
new  system  are  discussed# 


A  comprehensive  research  program  is  now  underway  at  the  U.S.  ^ 

Institute  to  improve  the  selection,  classification,  and  . 

personnel.  An  Important  part  of  this  program  is  the  development  of  the  Enlisted 
Lrsonnel  Allocation  System  (EPAS).  EPAS  will  improve  personnel 
Lhieving  a  better  match  between  Army  requirements  and  personnel  capabilities. 

The  Army  is  confronted  today  with  the  enormous  task  of  ^ 

of  over  300,000  applicants  per  year  against  the  different  demands  of  250  entry 
Lroccupltions!  Recent  improvements  in  ADP  and  operations  research 
cirabilitles  have  made  it  possible  to  solve  complex  allocation  problems  quxckly 
and  cheaply.  The  EPAS  project  marks  a  breakthrough  in  the  application  o 
technology  to  personnel  management. 

By  the  end  of  the  decade,  EPAS  mil  support  joh  declalone  tor 
applicants,  teenlistees,  prior  service  personnel,  and  people  M  g 
^e  largest  of  these  categories,  and  the  aost  difficult  for  uhlch  to  plan.  Is 
rte  one  for  applicants  vlthout  prior  service.  Therefore,  _ 

non-prlor  service  applicants  la  being  developed  first  and  mil  be  available 

field  tests  during  FY85. 

This  paper  describes  what  EPAS  is  and  how  it  is  being  developed.  The  first 
sectil^  provides  background  on  the  enlistment  process,  current 
innirelLed  research^fforts  that  will  affect  EPAS.  lire 
describes  the  technical  approach  being  used  to  Improve  Army  s  allocation, 
last  section  describes  the  benefits  that  mil  result  from  successful  hPAS 

development . 


BACKGROUND 


The  Enlistment  Process 

Every  year  over  300,000  people  apply  to  Join  the  Army.  “““ 

ouallfles  on  the  Armed  Services  Vocational  Aptitude  Battery  (ASVAB)  and  passes 
the  physical  examination,  he  meets  mth  a  guidance  counselor  to  sign  an 
emimrnent  contract.  Ih^  applicant  then  enters  the  delayed  entry  program  DEP) 
unill  It  is  time  to  begin  training.  Figure  1  llluatrates  the  major  stepa  In 

enlistment  process. 


Figure  1  about  here 


The  selection  of  the  military  occupational  specialty  (MOS)  is  a 

mint 

riSvidrih:1r:rng*rf  r cSfc.!'  -e^t;.  S:re  Se  over 


250  different  MOS  for  Initial  trelnlng,  and  the  typical  young  applicant  has 
little  knowledge  about  these  jobs. 

ri«r‘iisrrc:a“fro/°4rpL“'T:r“:‘ne^^^^ 

young  people  to  put  Into  MOS  vhere  they  can  become  excellent  soldle  . 

The  Army  has  several  pieces  of  Information  about  the  applicants  that  It  can 
use  to  evaluate  MOS  allocation  decisions.  These  Include. 

0  Armed  Forces  Qualifications  Test  (AFQT)  Scores 
o  Aptitude  area  composite  scores 
o  Physical  profile 

o  Availability  and  preferences 
o  Education 

o  Numbers  and  characteristics  of  future  applicants 


The  AFQT,  computed  from  the  ASVAB,  is  a  test  to  determine  whether  an 
lndlvl^!af  is  eligible  to  enlist.  AFQT  scores  are  also  used  to  determxne 
eligibility  for  bonuses  and  the  Army  College  Fun  a 

Aptitude  area  composite  scores,  also  computed  from  the 

r:To:nt:il-r“f%o::-:nirg  ^r;erLr“:relLnser:  orafton.  1,B3). 

require  an  individual  to  pass  eyesight  or  physical  strength  standards. 

Army  applicants  usually  indicate  when  they  want  to  enter  the  service  and 
the  kind  of  training  they  wish  to  v^ri’^they^serve^^aS^whetLr^they 

Sir  ”= 

deals,  a  complicated  set  of  choices  must  be  evaluated  quickly. 

Education  is  important  as  both  a  general  and  specific 
education  individuals  have,  the  more  likely  they  are 

Fbulistment  tour,  and  the  fewer  disciplinary  problems  they  are  iiKeiy  to  p 
Seciffc  course;,  such  as  trigonometry,  algebra,  or  typing  also  may  be  a 

prerequisite  for  a  particular  MOS. 

A  final  type  of  Information  that  could  be  used  for  analysing  MOS  decisions 
la  tht  nilttra  and  characteristics  of  future  applicants.  The  Army  needs  to 


evaluate  l^iivlduals  not  juat  In  tarns  of  ho.  they  conpara  to^nlnun  standards, 
but  ho.  they  conpara  to  actual  or  espactad  candldatas  for  an 

substantial  £:i:rLritZrs:d°U:tsatlon  have 

accessions  the  services  will  /n-io  anA  Gilrov  1983)  and  recent  research 

rai:rri:sia:rr irdr 

««rory"  S:virurr“Ur:rhy‘nv«al'r^^^^  has  show 

needed  not  just  on  broad  categori^^^  (Wardri978;  Hunter  and 

rclT^98  «elson.  1982).  An  dividual  ^  Sood  at 

everything  has  a  different  set  of  job  assignment  possibilities  f^om  a 
individual  who  has  mechanical  aptitude  but  no  other  outstanding  talent. 

Opportunities  for  Improvement 


Iha  army-s  approach  to  matching  applicants  rith  MOS  has  chan^d  In  the  last 
,  ^  mlh  the  advent  of  the  volunteer  force,  the  Uv  began  to 
rr^:^  SlU-truiras  enlistment  -entlve  ^e«  .as  no  Iwge^^^^^^^ 
opportunity  to  .alt  until  basic  training  training 

decision  algorithm  developed  by  the  Mr  '““^;/^’^„/Ltegory  and  Army 

r :rnt::  :rtrco::?wrth:  nis.^ 

While  REQUEST  has  Improved  MOS  ‘““JjJ'i^gjiy'l^seron^filllnS 

for  improvement,  'amended  MOS  asMgnwnts  are  st  ll^rge^y^^ 

the  training  seats  for  unpopular  or  tord  to  fill  trained  In 

Mos'for  :htcrt^y'3"pwr“apUtule““rile  REQUEST  ,, 

rrtnterarti-^^^^^^ 

"'^iriaMe^fsM"  Siui  =  ::rrr  isirso  bmadly 

::rsih:%=:ra:rg%rirrn;s  ^.^0.1.  .lopie  based  upon  .0 

overall  value  of  that  assignment  to  the  Army. 


^  d£d/v  rvnai  e  ns  to  the  numbet  of  contracts  to  be 

Recruiters  are  given  specific  goals  as  to  ^ 

recruited  by  education,  AFQT  category,  and  sex.  This  goals 
influence  on  the  mix  of  individuals  recruited. 


The  REQUEST  system  does  not  have  the  capability  to  forecast  shortages  and 
excesses  of  Army  applicants.  Incorporating  such  a  forecasting  Procedure  would 
permit  USAREC  to  reject  minimally  qualified  people  for  an  MOS  when  higher 
quality  ones  can  be  expected  to  apply. 

Any  short-sighted  initial  enlistment  policy  can  lead  to  later  problems  in 
personnel  management.  For  example,  it  is  important  to  retain  sufficient  numbers 
of  trained  people  who  can  become  the  NCO  leadership.  While  some  future 
imbalances  can  be  corrected  with  reenlistment  bonuses  and  other  policies,  it 
would  be  preferable  to  use  the  initial  enlistment  distribution  to  prevent  these 

problems  from  occurring. 


The  problems  listed  above  exist  in  what  has  been  a  relatively  good 
recruiting  environment.  Unemployment  has  been  high  and  military  pay  has  teen 
increasing  and  both  these  factors  increase  enlistments  (Daula  and  Fagan,  1982; 
Dale  and  Gilroy,  1983).  However,  unemployment  is  declining  and  so  is  pay 
relative  to  the  civilian  sector.  The  numbers  of  males  between  the  ages  of  17 
and  21  will  also  decline  substantially  over  the  next  decade  due  to  the  low  birth 
rates  during  the  1960s  and  early  1970s. 


The  demand  for  people  is  also  changing.  The  Army  of  the  future  will 
contain  more  support  positions  and  fewer  combat  positions.  This  increase  in 
requirements  for  mechanics,  electronic  technicians,  and  equipment  repairers  has 
implications  for  the  kinds  of  people  recruited  today  to  become  the  senior 
enlisted  personnel  of  the  future. 


Wo  one  can  predict  what  the  recruiting  environment  will  be  like  in  the 
future.  However,  it  can  be  expected  to  change  substantially  from  the  current 
one.  Adapting  enlistment  allocation  decisions  quickly  to  the  recruiting 
environment  requires  a  system  that  performs  aggregate  demand  and  supply 
analyses • 


other  Army  changes  that  will  affect  the  environment  in  which  EPAS  will 
operate  are  the  Joint  Optical  Information  Network  (JOIN)  and  the  selection  and 
classification  research  currently  being  performed  by  ARI.  JOIN  wi  prov  e 
career  counseling  information  through  the  use  of  automated  videodisc  technology. 
Applicants  will  be  shown  video  presentations  of  different  MOS.  More  fundamental 
changes  in  the  allocation  process  will  likely  result  from  ARI’s  selection  and 
classification  research.  New  predictor  tests  and  performance  measures,  such  as 
psychomotor  and  perceptual  tests,  are  being  developed  and  should  greatly  improve 
the  quantity  and  quality  of  information  available  for  allocation  decision 
making.  The  new  performance  prediction  data  will  include  both  MOS-specific  and 
Army-wide  success  measures.  This  poses  several  decision  analysis  issues,  such 
as  how  to  compare  performance  levels  between  MOS  and  assess  general  soldiering 
skills.  The  EPAS  allocation  system  will  need  to  be  flexible,  so  that  it  can 
readily  incorporate  new  kinds  of  measures  and  tradeoff  analyses. 


Figure  2  summarizes  the  current  automated  systems  , 

enlistment  and  MOS  assignment,  and  the  next  generation  of  automated  support. 


Figure  2  about  here 


the  technical  approach 


EPAS  1=  being  designed  to  ochleve  effective  end  Setr«rfL 

rersonnel  to  MOS.  Figure  3  lllustretes  the  system  construct.  Th 

principal  modules  for  EPAS: 


The  Requirements  Module 
The  Availability  Module 
The  Horizon  Planning  Module  (HPM) 

The  Sequential  Classification  llodule  (SCM) 


Figure  3  about  here 


Each  of  the  modules  is  discussed  in  detail  below 


THE  requirements  MODULE 

_  -  ell  ppAq  with  the  schedule  of  training 

cisssr  srrrg^rtf  "  ““ 

from  the  Army  Training  Requirements  sod  Resource  System  (  ). 

The  Requirements  Module  is  torir;hf 'length 

:rtreTirh:r^si”t  r.-nir  iht  s  « 

i^einh:  rsr.sT?:r?:;  .110^  snsiysis. 

A  second  factor  that  needs  to  be  U^.^Lra^d' il" 

muni  «rmfg“cl«lershlI:tdTe“»  °impl«ant  consideration  for  scheduling 
enlistment  contracts. 


The  Availability  Module 


The  Availability  Module  will  provide  EPAS  with  forecasts  of  the  number  and 
types  of  people  who  will  probably  be  available  to  the  Army  over  the  planning 

horizon* 

These  forecasts  are  different  from  traditional  current  forecasts  of 
contracts.  The  projections  will  be  aggregated  into  groups  (allocation 
categories),  and  they  also  must  be  in  appropriate  detail  for  MOS  allocation. 

AFQT  scores  or  categories  are  insufficient.  The  combinations  or  clusters  of 
aptitude  scores  will  need  to  be  estimated  based  upon  score  distributions  that 
have  occurred  in  recent  years.  For  example,  individuals  with  equal  aptitude  for 
all  MOS  would  likely  be  allocated  differently  from  Individuals  with  a  high 
aptitude  in  electronics,  but  average  aptitude  for  other  MOS. 


The  contract  availability  projections  for  EPAS  will  need  to  reflect  Army 
recruiting  missions,  seasonal  and  holiday  effects,  short-term  trends,  and 
selected  policy  variables.  USAREC  recruiting  missions,  in  use  as  goals  since 
FY81,  have  been  the  major  factor  in  determining  the  numbers  and  types  of  Army 
contracts  (Moore,  McWhite,  Schmitz,  and  Allen,  1983).  Seasonal  and  holiday 
effects,  combined  with  short  term  trends  are  important  fluctuations  need  to  be 
accounted  for  in  EPAS.  Sustained  short  term  trends  may  also  provide  an 
indication  of  significant  changes  in  the  recruiting  environment. 

Finally,  the  EPAS  supply  module  should  give  policy  analysts  personnel 
policy  simulation  capability.  It  would  be  desirable,  for  example,  to  perform 
“what  if*  exercises,  such  as  evaluating  the  impact  of  bonus  policy  changes  on 
the  number  and  types  of  applicants# 

The  major  research  issues  for  the  personnel  availability  module  are 
presently  being  investigated  at  ARI.  The  time  periods  and  the  allocation 
categories  need  to  be  determined.  Either  recruiting  missions  need  to  be 
converted  to  allocation  categories  or  allocation  categories  will  be  projected 
independently.  Holiday  and  seasonal  effects  need  to  be  quantified.  An  approac 
for  projecting  short-term  mission  achievement  also  needs  to  be  found. 

The  Horizon  Planning  Module 

The  HPM  will  compute  an  optimal  allocation  strategy  for  assigning 
allocation  categories  to  MOS.  The  HPM  will  use  linear  optimization  to  develop 
an  ordered  list  of  MOS  for  each  allocation  category  and  for  each  time  period. 
The  HPM  will  also  provide  information  on  selected  management  alternatives  and 
measures  of  their  value  in  different  recruiting  environments. 

Several  important  research  questions  will  need  to  be  resolved  in  the  near 
future  to  develop  the  HPM.  These  Include  optimization  methodologies,  defining 
decision  variables  and  problem  dimensions,  and  estimating  key  parameters  for 
making  tradeoffs.  These  problems  are  interrelated,  so  they  cannot  be  solve 

independently. 


For  exanplo.  one  problem  le  defining  the  key  varlebles  '‘™- 

These  are  likely  to  Include  predicted  MOS  performance,  training  costs, 

-ise-innofl  offlcfif  potential*  and  maintaining  a  hig 
attrition,  non-commissioned  officer  pownria  ,  Influence  the  size  of 

probability  of  meeting  requirements.  These  factors 

krern- - 

parameters. 

against  meaningful  operational  measures,  such  ^projected 
attrition,  retention,  cost,  or  training  class 

The  Sequential  Classification  Module 

,.0  SCh  mill  p^vldc  ^Idanca  — ^ 

relrnri'::«  t::-SC«Vu  ::cLenda;ions  for  .0  individual. 

SCM  recononendations  will  be  affected  by  the  output  ^ 
mill  account  for  supply  and  demand  fluctuations  -ats 

applicants  will  be  discouraged  from  certain  “0^,  tto  that^used  by 

for  expected  high  aptitude  P®°Pl®*  ^e^Ai^ForL  in  the  PROMTS  system  where 
rcirns-ontsTr:  re-ir t^ beTef^ 1-  P™  .idance. 
(Ward,  1979). 

The  following  analogy  may  be  helpful  in  understanding  the  the  HPM  and  SCM: 
The  Hm  is  like  an  investment  outlook  that  indues  s^rt-  l^f 

orrh!“:„rcaLnr  goam  m . 

specific  client. 

in  mrch  the  aame  way,  Hm  will  re^d  h^-ga^^by  allojation^ 

“fri^i  ^:rrsp:rin:'a:;er°la„ces,  cipabllltles,  and  applicant 
preferences  to  recommend  beneficial  MOS  classifications. 

There  are  a  number  of  research  Issues  that  will  need  to  be  resolved  to 
develop  the  SCM.  These  include; 


O  Information  transfer;  What  HPM  information  should  the  SCM 

use  in  its  decision  functions? 

o  MOS  class  fill:  What  SCM  real-  uiii  be  needed? 

time  adjustments  of  school  training  seat  prio 

o  Accounting  for  individual-specific  training,  experience,  and 

interests;  How  do  these  factors 
affect  an  applicant’s  performance  in  an  MOS? 

o  Contract  negotiation  strategy;  Based  upon  an  applicant’s 

MOS  potential,  what  is  the  Army’s  degree  of 
willingness  to  accommodate  an  individual  s  ®  * 

some  cLdidates  may  perform  equally  well  many  different 
MOS;  other  candidates  may  be  much  more  valuable  as 
performers  in  some  specific  MOS. 

EPAS  Development  Strategy 

The  strategy  for  developing  EPAS  is  evolutionary  as  well  as  revolutionary: 

modules.  Only  In  this  way  progresses  and  modules  become  more 

rX'ed! XllU  be  easily  updated  within  the  operational  system. 

Figure  4  Illustrates  the  milestone  schedule  lor  EPAS  development.  The 
Steps  include; 


Insert  Figure  4  about  here 


July  1983  -  Experimental  SCM.  This  X-SCM  incorporated  our 
best  estimate  of  the  functions  needed  for  an  Army  SCM.  For 
comparison  purposes,  we  also  developed  operating  models  of 
PROMTS  and  the  REQUEST  MOS  Match  Modules. 

September  1983  -  Experimental  HPM.  ThiS  X-HPM  was 
restricted  to  only  about  a  dozen  MOS  and  a  1-year  planning 
horizon.  Its  purpose  is  to  provide  characteristics  of 
various  objective  functions  and  constraints. 

October  1983  -  Demonstration  of  the  Availability  Module.  This  module 
demonstrated  our  capability  to  develop  long-term  supply 
forecasts  suitable  for  use  by  the  HPM. 

February  1984  -  Demonstration  of  an  Experimental  EPAS. 

This  demonstration  will  incorporate  all  the  EPAS  modules 
but  will  be  limited  to  about  30  MOS.  The  purpose  is  to 
develop  a  test  bed  for  evaluation  of  the  modules  without 
being  overcome  by  the  data  detail  and  problem  size  required 
to  incorporate  about  250  entry-level  MOS. 

March  1985  -  Prototype  EPAS.  This  EPAS  will  incorporate 
all  MOS  and  be  suitable  for  evaluation  by  USAREC. 

BENEFITS 


The  development  of  the  EPAS  is  a  long-term  effort  involving  the  co^itment 
of  substantial  government  and  contracting  resources.  In  order  to  justify  t  ese 
costs  EPAS  will  need  to  demonstrate  substantive  improvements  in  the  personnel 
allocation  process.  The  benefits  from  EPAS  are  likely  to  be: 


Improved  soldier  performance 
Improved  recruiting  efficiency 
Better  personnel  management 
New  policy  analysis  capabilities 


Improved  soldier  performance  should  result  from  a  better  match 
recruit’s  capabilities  and  the  job's  requirements.  Substantial  improvemen 
possible  today  by  making  better  use  of  existing  applicant  d^a 
Nelson,  1982).  Even  greater  improvements  will  be  possible  when  t 
performance  predictor  tests  and  measures  are  developed. 

Recruiting  efficiency  can  also  be  improved.  Recent  research  has  found  that 
nearly  half  of  the  high-quality  Army  applicants  change  their  minds 
sign  contracts  (Schmitz  and  Nelson,  1983).  EPAS  would  improve  the  probability 
these  individuals  would  sign  by  reserving  desirable  and  challenging  o 

them. 


no!  nineline  will  also  improve.  The  MOS  allocation 
Management  of  the  person  p  P  training  attrition  and 

decision  would  take  into  account  sue  ^  In  the  first-term  attrition 

reenllstment  potential.  For  examp  ,  million  annually,  is  a 

rate  by  101,  resulting  In  coat  sayings  In  excess  ot  5X0 

likely  benefit  in  this  area. 

,  nrcPFR  USAREC.  and  MILPERCEN  with  new 

EPAS  will  “""Jlfg  goaU,’.conomlc  effect.,  compensation 

policy  ““rots  can  be  pretested  by  using  EPAS.  The  complex 

and  bonuses,  and  other  factor  -Ptions  can  be  simulated  prior  to 

interactions  bf  Eo  able  to  translate  the  Impact  of 

trsstr:ro;s  “.rn^ful  cost  .nd  performance  measures. 

ail  these  desirable  toS^rie"  Z  -  ^ 

s  rheTc'is^;.?.  fzxzrz  p™^  ""ri-edrare^ 

of  the  system. 

Plnally.  EPAS  will  produce  rnrir^IhS^U^irer 

beyond  what  the  rtetterunderstandlng  of  the  Interaction  of 

services  will  benefit  also.  developed.  New  operations 

organization  and  individual  decision  mak^g  ^  developing  a  new  analytical 

research  technologies  will  be  *  though  the  EPAS  integration  of 

resource  as  an  well  as  an  operational  system  tnro  g 

social  science  with  operations  research. 


PERSONNEL  ACCESSION  FLOW 


Personnel  Accession  Flow 
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Figure  2.  Automated  Systems  Supporting  Enlistment 


n/lAJOR  ERAS  MILESTONES 


major  eras  wiilestones 


4,  Major  EPAS  Milestones 
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This  working  paper  is  an  unofficial  document  Intended  for  limited  distribution  to  obtain  comments.  The 
viewfs,  opinions,  and/or  findings  contained  in  this  document  are  those  of  the  author(s)  and  should  not  be 
construed  as  the  official  position  of  ARI  or  as  an  official  Department  of  the  Army  position,  policy,  or 
decision,  unless  so  designated  by  other  official  documentation. 


THE  IMPACT  OF  THE  NEW  GI  BILL  ON  ENLISTMENTS 
In  July  1985  the  New  G  I  Bill  was  implemented.  The  basic  educational 
benefits  associated  with  military  enlistment  rose  from  $5,^00  to  $9,600  and 
the  soldier's  contribution  decreased  from  $2,700  to  $1,200. 

This  paper  discusses  the  impact  of  this  change  on  enlistments.  Estimates 
are  made  of  the  gain  in  terms  of  quality  enlistments  (I-IIIA  graduate  males) 
that  would  be  expected  based  upon  previously  derived  relationships  between 
benefits  and  enlistments. 

Previous  Estimates  of  Effects  for  Education  Incentives 

There  has  been  considerable  recent  research  on  the  impact  of  educational 
benefits  on  enlistments.  Nelson  (1986)  estimated  the  loss  of  the  old  GI 
Bill  resulted  in  a  decline  of  7.555  to  2155  in  quality  enlistments  for  the  De¬ 
partment  of  Defense.  Up  to  half  of  the  drop  in  quality  enlistments  that 
occurred  during  the  late  1970s  may  be  attributable  to  the  reduction  of  educa¬ 
tional  benefits. 

Three  recent  analyses  provide  recent  estimates  of  the  impact  of  educa¬ 
tional  benefits  on  enlistments.  These  are: 

o  Congressional  Budget  Office  (1982) 
o  Fernandez  (1982) 
o  Brown  (1985) 

The  CBO  study  used  a  simulation  model  to  project  the  impact  of  different 
educational  benefit  levels  on  quality  Army  enlistments.  Educational  benefits 
were  converted  into  their  present  value  pay  equivalent  and  used  estimates  of 
basic  pay  elasticities  to  project  the  percentage  change  in  enlistments. 


Fernandez  evaluated  the  enlistment  effects  of  the  FY  1981  Educational 
Assistance  Test  Program.  He  found  that  increased  benefit  kickers  for  the 
Army  would  increase  enlistments  by  9.1  percent  without  reducing  enlistments 
for  other  services.  This  effect  was  2.3  times  the  enlistment  effect  that 
might  have  been  predicted  from  the  CBO  model.  The  results  of  this  experiment 
led  to  the  implementation  of  The  Army  College  Fund  in  FY  1982. 

Brown  (1985)  examined  enlistment  patterns  from  1975  through  1982.  Using 
the  CBO  valuations  of  different  educational  benefit  packages,  he  tested  the 
hypothesis  that  educational  benefits  were  valued  the  same  as  their  equivalent 
in  pay.  He  found  in  fact  that  they  were  associated  with  much  greater  enlist¬ 
ment  effects  than  pay;  he  estimated  they  could  be  9.9  times  as  strong  as 
their  pay  equivalent. 

There  is  also  evidence  that  Increasing  the  contributions  for  educational 
benefit  participation  would  negatively  impact  on  enlistment.  A  recent  survey 
of  new  Army  recruits  (Benedict  et  al.  1986)  found  participation  in  the  educa¬ 
tional  benefit  program  of  New  GI  Bill  and  Army  College  Fund  would  decrease  by 
at  least  16  percent  and  perhaps  as  much  as  47  percent  if  contribution  levels 
were  increased.  It  is  likely  that  some  portion  of  those  would  not  simply 
stop  participating  but  would  also  fail  to  enlist  if  contribution  requirements 
were  raised. 

Estimates  of  the  impact  of  the  New  GI  Bill 

The  impact  of  educational  benefits  on  quality  enlistments  is  likely  to  be 
greater  than  a  similar  change  in  basic  pay.  To  estimate  the  pay  equivalent  of 
a  $4,200  loss  in  future  educational  benefits  (a  reduction  in  the  government's 
contribution  from  $9,600  to  $5,400)  the  CBO  (1982)  study  on  educational 


benefits  provides  some  benchmarks.  The  discounted  value  of  the  basic  VEAP 
benefits  at  the  point  of  enlistment  were  estimated  as  ranging  from  $90  to 
$770,  depending  on  whether  one  makes  conservative  or  generous  estimates  of 
benefit  usage.  (The  CBO  does  not  report  the  discount  rate  used  in  their 
analysis.  It  is  likely  that  one  would  use  a  lower  discount  rate  today  than 
in  1981). 

However,  the  analyses  performed  by  Fernandez  and  Brown  would  have  both 
estimated  a  much  larger  enlistment  effect.  Fernandez  would  have  estimated  an 
enlistment  increase  of  2.6  percent  due  to  the  replacement  of  VEAP  with  the 
New  GI  Bill.  Brown's  benefit  elasticity  would  have  estimated  11.4  percent 
additional  quality  enlistments.  Thus,  the  impact  of  increased  educational 
benefits  for  FY86  would  have  been  estimated  to  be  between  1600  and  6900 
additional  high  quality  male  recruits. 

Historical  econometric  analyses  of  educational  programs  provide 
considerable  evidence  that  benefits  are  valued  greater  than  their  cash 
equivalent.  Furthermore,  these  estimates  can  be  viewed  as  conservative  since 
they  do  not  take  into  account  the  reduction  in  contributions,  and  the 
advertising  impact  of  the  term  "GI  Bill".  Both  of  these  factors  could  be 
expected  to  generate  additional  positive  enlistment  impacts. 
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INTRODUCTION 


Previous  research  on  educational  benefits  has  focused  on  their  effectiveness 
as  an  enlistment  incentive.  However,  educational  benefits  could  also  impact  on 
other  areas  important  for  manpower  planning.  Educational  benefits  would  be 
expected  to  affect  both  choice  of  enlistment  term  and  reenlistment  behavior  due 
to  the  economic  incentives  they  provide.  Furthermore,  in-service  attrition  may 
vary  due  to  the  behavioral  motivation  provided  by  educational  benefits. 
Individuals  enlisting  to  receive  educational  benefits  may  be  more  motivated  to 
put  up  with  the  immediate  hardships  of  military  life,  or  they  may  be  more  likely 
to  attrit  early  if  they  find  the  military  difficult. 

This  paper  provides  a  summary  of  the  differences  between  four  educational 
benefit  programs  that  were  tested  in  FY81 .  Programs  are  compared  as  to  their 
effects  on  the  enlistment  term,  attrition,  and  reenlistment  behavior  of  quality 
recruits  (graduates  scoring  in  Test  Categories  I-IIIA).  While  no  statistical 
explanatory  model  is  provided,  the  results  indicate  that  educational  benefit 
programs  are  likely  to  be  associated  with  substantive  differences  beyond  the 
enlistment  point,  especially  with  reenlistment  behavior. 

COMPARING  PROGRAMS 

FY  81  saw  a  major  experiment  on  education  benefits.  Four  different 
educational  benefit  programs  were  tested  in  different  geographic  areas.  These 
were: 

Super  VEAPt  required  contributions  of  up  to  $2,700,  with  kickers  of 
$2,000  to  $6,000. 

Ultra  VEAP  (Army  College  Fund);  required  contributions  of  up  to 
$2,700,  with  kickers  of  $8,000  to  $12,000. 

Noncontributory  VEAP:  required  no  contributions,  and  offered 
kickers  of  up  to  $6,000. 
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Tuition/ stipend  Program;  no  contributions  with  total  benefits 
ranging  from  $7,800  to  $15,600;  option  to  cash  out  or  transfer 
benefits  upon  reenlistment. 

The  major  quantitative  impacts  of  educational  benefits  on  manpower  should 

occur  in  the  following  areas: 

0  enlistments 
0  enlistment  term 
o  first“term  attrition 
0  reenlistment 

The  enlistment  effect  was  analyzed  in  detail  by  Fernandez  (1982).  His 
investigation  of  the  Educational  Assistance  Test  Program  also  controlled  for 
labor  market  conditions,  recruits,  and  time  trends.  He  found  that  the  Ultra- 
VEAP  (ACF)  program  test  cell  increased  enlistments  9.1  percent  over  Super  VEAP, 
7.7.  percent  over  noncontributory  VEAP,  and  15.7  percent  over  the  Tuition/ 
Stipend  program. 

An -investigation  of  the  impact  of  programs  on  enlistment  term,  attrition, 
and  reenlistment  can  be  done  by  examining  the  distribution  of  enlistment  terra 
choices  during  the  test  period  (December  1 980-September  1981)  compared  to  the 
initial  implementation  of  the  Ultra-VEAP  program  nationwide  as  the  Amy  College 
Fund  (October  1981 -June  1982).  Such  a  comparison  provides  no  formal  statistical 
test  of  the  differences  between  programs  nor  does  it  control  for  other  factors 
which  could  affect  outcomes.  However,  it  does  provide  an  indication  of  the 
direction  and  magnitude  of  program  impacts. 

Enlistment  Term 

Table  1  illustrates  the  distribution  of  enlistment  terms  during  the  Test 
Program  and  initiation  of  the  ACF  by  test  cell.  The  Ultra-VEAP  (ACF)  test  cell 
had  the  greatest  proportion  of  2  year  enlistments  and  the  smallest  percent  of  4 
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year  enlistments.  Noncontributory  VEAP  had  the  smallest  percent  of  2  year 
enlistments,  while  the  Tuition/Stipend  program  was  most  likely  to  enlist 
individuals  for  4  year  terms. 

Enlistment  terms  shifted  to  shorter  lengths  with  the  introduction  of  the 
ACE.  To  assess  the  impact  of  introducing  ACE  one  must  compare  the  change  in  the 
ACE  cell  (the  control)  to  that  experienced  by  other  cells.  Table  2  provides  the 
mean  enlistment  terms  by  test  cell  and  time  period.  The  average  enlistment  term 
decreased  in  all  cells,  but  the  decline  was  the  least  in  the  ACE  cell.  Thus, 
the  ACE  program  appeared  to  produce  a  small  but  negative  impact  on  enlistment 
term,  with  about  a  1  percent  reduction  over  Super  VEAP  and  a  2  percent  reduction 
relative  to  Tuition/Stipend  and  Noncontributory  VEAP. 

Attrition 

Table  5  provides  attrition  rates  by  test  cell  during  and  after  the  Test. 
Bates  were  very  similar  across  test  cells  during  both  periods,  except  for  the 
Noncontributory  VEAP  test  cell.  The  lower  rates  for  this  cell  may  be  due  to  the 
fact  that  this  cell  has  a  disproportionately  high  representation  of  enlistments 
from  the  south.  Other  research  (Neiland  et  al.  1986)  has  shown  enlistments  from 
the  south  to  be  associated  with  lower  attrition. 

Attrition  declined  for  all  test  cells  from  EY81  to  EY82.  This  is  due  in 
part  because  4  year  enlistments  for  EY82  still  would  have  time  to  attrit. 
Nevertheless,  the  reduction  in  attrition  rate  was  somewhat  less  for  the  ACE 
control  cell  than  for  the  three  other  test  cells.  Again,  the  introduction  of 
ACE  reduced  attrition  the  most  in  the  noncontributory  VEAP  test  cell  and  the 
least  in  the  Super  VEAP  cell. 
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Eeenlistment 


Table  4  provides  aggregate  reenlistment  rates  by  test  cell.  The  percentage 
of  reenlistments  and  extensions  was  computed  relative  to  enlistments.  Again, 
reenlistment  rates  for  PY82  will  be  understated  since  many  4  year  enlistments 
had  not  yet  reached  the  end  of  their  enlistment  term.  Nevertheless,  the  test 
cells  would  all  be  similarly  biased  downward. 

The  ACP  test  cell  had  a  reenlistment  rate  1.8  percent  or  more  below  that 
experienced  by  other  test  cells.  During  FY82  this  difference  disappeared  for 
the  Super  VEAP  and  Tuition/Stipend  test  cells  and  declined  relative  to  the 
noncontributory  VEAP  cell.  In  relative  percentage  terms,  the  AGP  program 
produced  over  a  9  percent  reduction  in  reenlistraent  rates  relative  Super  VEAP 

and  Tuition-Stipend  programs  and  an  8  percent  decrease  over  Noncontributory 
VEAP. 

Manpower  Effects 

The  various  impacts  of  educational  benefits  can  be  combined  to  estimate  the 
effects  on  first-term  and  career  quality  manpower.  The  first-term  manpower 
effect  IS  the  product  of  the  enlistment,  manyear,  and  attrition  effects.  The 
reenlistment  effect  is  the  product  of  the  enlistment  and  reenlistment  effects. 

Table  5  compares  the  FY81  test  programs  relative  to  the  AGP  program.  The 
ACP  program  produced  more  first- term  manpower  than  any  of  the  other  three 
programs.  However,  both  the  Super  VEAP  and  Noncontributory  VEAP  produced  more 
quality  manpower  reenlisting  into  the  second  term  than  the  AGP. 


DISCUSSION 

No  single  educational  benefit  program  was  superior  in  terras  of  producing 
both  first-term  and  career  manpower.  The  ACP  had  the  greatest  positive  effect 
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on  first- term  manpower,  while  the  Noncontributory  VEAP  produced  the  most  quality 
manpower  beyond  the  reenlistment  point.  The  Tuition/Stipend  program  was  ranked 
last  on  both  first- terra  and  career  manpower,  while  the  Noncontributory  VEAP  was 
judged  superior  to  Super  VEAP. 

The  comparison  of  educational  program  effects  on  manpower  via  aggregate  data 
indicates  that  different  educational  benefit  programs  have  different  effects  on 
manpower.  However,  additional  models  should  be  estimated  to  control  for 
variation  in  other  factors  that  can  affect  manpower  and  for  detailed  program 
impacts.  For  example,  the  ACF  program's  lower  reenlistment  rate  may  be  due 
solely  to  its  increased  two  year  enlistments.  Such  information  can  be 
especially  useful  in  designing  new  benefit  programs. 

Finally,  the  above  analysis  neglects  other  important  aspects  of  benefit 
programs.  For  example,  the  programs  will  also  affect  total  attrition  to  the 
extent  they  reduce  low  quality  enlistments.  The  impact  of  benefits  on  reserve 
manpower  needs  to  be  considered.  Costs  also  should  be  taken  into  account  prior 
to  making  a  final  determination  of  the  most  efficient  benefit  program.  For 
example,  the  relative  effectiveness  of  Noncontributory  VEAP  or  ACF  on  career 
manpower  will  depend  on  their  relative  cost-effectiveness. 
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TABLE  1 


ENLISTMENT  TERM  DISTRIBUTION  BY  TEST-CELL 


DEC  80-SEP 

81 

OCT  81-JUN 

82 

ENLISTMENT 

TEST  CELL 

TERM 

NUMBER 

PERCENT 

NUMBER 

PERCENT 

2  YEARS 

1464 

9.5 

2285 

13.8 

SUPER  VEAP 

3  YEARS 

6243 

40.2 

6516 

39.5 

4  YEARS 

7814 

50.3 

7711 

46.7 

ACE  (Control)  2 

YEARS 

945 

16.5 

1098 

18.8 

3 

YEARS 

2373 

41 .4 

2365 

40.5 

4 

YEARS 

2413 

42.1 

23833 

40.7 

TUITION/ 

2  YEARS 

465 

10.2 

783 

15.6 

STIPEND 

3  YEARS 

1683 

37.0 

1862 

37.2 

4  YEARS 

2398 

52.8 

2359 

47.1 

NONCONTRIBUTORY 

VEAP 

2 

YEARS 

441 

8.8 

809 

14.3 

3 

YEARS 

2015 

40.4 

2315 

41.0 

4 

YEARS 

2532 

50.8 

2529 

44.7 

TABLE  2 


AVERAGE  MANYEAR 

DIFFERENCES 

TEST  CELL 

DEC  80-SEP  81 

OCT  81-JUN  82 

PCT. 

CHANGE 

PCT. 

Relative 
to  ACF 

SUPEB  VEAP 

5.409 

3.329 

-2.35 

-0.96 

ACF  (Control) 

3.257 

3.220 

-1.14 

— 

TUITION/ 

STIPEND 

3.425 

3.315 

-3.21 

-1  .84 

NONCONTRIBUTOBY 

VEAP 

3.419 

3.304 

-3.36 

-1  .99 

TABLE  3 


ATTEITION  BATE  DIFFEEENCES 


TEST  CELL  ■ 

DEC  80-SEP  81 

OCT  81-JUN  82 

PEECENT 

CHANGE 

PEECENT 
CHANGE 
BELATIVE 
TO  ACF 

SUPEE  VEAP 

.365 

.342 

-6.30 

-0.56 

ACF  (Control) 

.354 

.343 

-5.77 

— 

TUITION/ 

STIPEND 

.369 

.343 

-7.05 

-1.36 

NONCONTEIBUTOEY 

VEAP 

.344 

00 

• 

-7.56 

-1  .90 

TABLE  4 


BEENLISTMENT  BATE  DIFFEBENCES 


TEST  CELL 

DEC  80-SEP  81 

OCT  81-JUN  82 

PEBCENT 

CHANGE 

PEBCENT 
BEL  TO 
ACF 

SUPEB  VEAP 

19.5 

12.0 

-38.5 

-9.29 

ACF  (Control) 

17.7 

12.0 

-52.2 

— 

TUITION/ 

STIPEND 

19.5 

12.0 

-38.5 

-9.29 

NONCONTBIBUTOBY 

VEAP 

21  .0 

15.1 

-37.6 

-7.96 

TABLE  5 


EFFECTS  OF  THE  ACF  PROGRAM 
ON  QUALITY  MANPOWER 


FIRST  TERM 

CAREER 

PROGRAM 

MANPOWER 

SUPER  VEAP 

+7.4 

-1  .0 

TUITION  STIPEND 

+11.2 

+6 . 5 

NONCONTRIBUTORY 

VEAP 

+  4.3 

-2.3 
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The  U  S  Amy  Research  Institute  (ARI)  has  developed  the  Enlisted 
Personnel  Allocation  System  (EPAS)  to  recommend  training  assignments  to  new 
recruits.  This  system,  based  upon  a  combination  of  optimization  and  decision 
rules,  can  increase  soldier  perforaance  substantially  over  the  present 
assignment  system.  Results  of  EPAS  simulations  are  compared  with  the  present 
system  and  with  increased  enlistment  standards  to  determine  the  costs  and 
benefits  of  improving  perfomance  in  different  ways.  Finally,  economic  and 
psychological  models  are  used  to  assess  the  value  of  these  performance 
increases  to  the  Amy. 

THE  ARMY'S  PRESENT  ALLOCATION  SYSTEM 

The  Amy  relies  upon  a  computer  program  that  recommends  jobs,  or  military 
occupational  specialties  (MOS) ,  to  new  recruits.  The  present  system  includes 
data  on  a  number  of  different  factors,  including  applicant  and  MOS 
characteristics . 

The  assignment  is  deterained  by  three  kinds  of  infomation.  The  first  are  the 
occupation-specific  job  standards.  Aptitude  area  qualifying  scores  are  used  to 
detemine  whether  an  applicant  is  qualified  for  a  particular  MOS.  Scores  above 
the  minimum  have  no  impact  on  assignment.  Second,  distributional  goals  in  terms 
of  the  AFQT  are  set  for  each  job.  These  quality  goals  assure  that  the 
population  of  recruits  entering  each  MOS  has  at  least  a  certain  number  of  above 
average  perfomers,  and  no  more  than  a  specific  percent  of  those  in  the  lowest 
eligible  test  category  (IV).  The  final  factor  in  the  assignment  process  is  the 
job's  characteristics.  This  includes  the  priority  of  the  job,  the  time 
available  to  fill  training  seats,  and  the  proportion  of  the  annual  training 
program  remaining. 

The  resulting  system  is  successful  in  meeting  several  important  goals.  The 
present  system  does  an  acceptable  job  of  filling  requirements.  For  example,  in 
FY84  the  system  met  total  accession  requirements,  90  percent  of  the  individual 

MOS  training  requirements,  and  88  percent  of  the  MOS  quality  goals. 


However,  the  present  system  does  little  to  improve  job  performance. 
Considerable  research  has  shown  the  relationship  of  composite  scores  to  a  number 
of  different  job  performance  criteria  (Armor  1982,  Fernandez  1985,  McLaughlin  et 
al  1984).  An  efficient  placement  system  would  tend  to  place  candidates  into  the 
jobs  where  they  have  the  greatest  likelihood  of  success.  The  assignment 
possibilities  range  from  no  use  of  classification  data  (random  assignment)  to 
placement  of  recruits  in  the  job  that  maximizes  total  performance ,  given  job 
demands  (optimal  assignment).  On  such  a  scale,  random  assignment  would  produce 
a  mean  aptitude  area  score  of  106.7,  while  optimal  assignment  would  place 
recruits  in  MOS  where  their  aptitude  score  was  113.9.  The  present  system,  which 
assigns  recruits  to  jobs  with  an  average  aptitude  area  score  of  108.1,  is 
capturing  less  than  one  fifth  of  the  potential  assignment  efficiency. 

The  reason  for  the  relatively  low  assignment  efficiency  is  the  reliance  on  low 
job  standards  for  a  high  quality  recruit  population.  The  average  recruit  today 
qualifies  for  85  percent  of  the  jobs  in  the  Army.  The  average  test  category  I- 
IIIA  recruit  qualifies  for  96  percent  of  all  jobs. 

THE  DESIGN  OF  THE  ENLISTED  PERSONNEL  ALLOCATION  SYSTEM 

While  optimizations  such  as  those  done  by  Schmitz  and  Nelson  (1984)  and 
Fernandez  (1985)  have  indicated  that  job  performance  can  be  increased 
considerably,  these  hatch  assignments  would  he  infeasible  under  present 
assignment  procedures.  Applicants  must  be  placed  in  jobs  at  the  time  they 
negotiate  their  enlistment  contract.  This  situation  reflects  a  class  of 
operations  research  problems  referred  to  as  the  secretary  problem. 

Project  B,  the  Enlisted  Personnel  Allocation  System,  was  developed  by  ARI  to 
improve  the  assignment  of  new  recruits  to  their  training  MOS.  EPAS  uses  a  three 
step  strategy  to  assign  recruits  to  MOS.  First,  a  plan  is  developed  for  the 
allocation  of  the  recruits  expected  by  the  Army  over  the  next  year.  This  plan 
is  then  used  to  guide  the  training  seat  recommendations  of  each  prospective 
soldier  who  is  offered  an  enlistment  contract.  Finally,  the  system  is 
frequently  updated  to  assure  that  the  overall  plan  is  in  close  agreement  with 
current  supply  and  demand. 

Figure  1  shows  the  design  of  EPAS.  Projections  are  made  of  both  requirements 
and  enlistment  contracts  by  month  over  a  one  year  planning  horizon. 

Requirements  are  aggregated  into  about  fifty  groups  of  MOS  that  are  similar  in 
terms  of  gender  restrictions,  quality  goals,  and  aptitude  area  composite. 
Aggregate  supply  forecasts  can  come  from  a  supply  model  such  as  Horne  (1985)  or 
US  Army  Recruiting  Command  missions.  These  forecasts  can  be  disaggregated  by 
education,  gender,  AFQT,  and  predicted  performance.  Two  measures  of  performance 
have  been  used  thus  far;  technical  job  performance  as  predicted  by  the  aptitude 
area  score,  and  attrition  as  predicted  by  characteristics  of  the  recruit  and  job 
(Manganaris  and  Schmitz  1985,  Manganaris  and  Phillips  1985). 

The  allocation  problem  is  solved  by  a  network  optimization  procedure  that 
assures  all  MOS  requirements  and  quality  goals  are  met  and  performance  is 
maximized.  Each  of  the  supply  groups  has  identified  those  categories  of 
training  seats  where  the  Army  can  be  expected  to  receive  the  greatest  payoff 
from  their  performance. 
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ESTIMATING  THE  VALUE  OF  IMPROVED  ASSIGNMENTS 


Policy  makers  are  concerned  about  the  value  of  alternative  assignment 
strategies.  A  model  of  value  can  be  used  to  determine  whether  proposed 
improvements  are  worth  development  costs,  or  identify  areas  where  additional 
resources  or  procedures  are  warranted. 

Five  ways  have  been  identified  to  evaluate  the  value  to  the  Army  of  improving 
the  assignment  system.  These  include: 

o  System  efficiency  model 

o  Performance  indicators 

o  Organizational  output  models 

o  Psychological  utility 

o  Economic  opportunity  costs 

The  current  assignment  system  has  considerable  resources  devoted  towards 
improving  soldier  performance  through  job  assignment.  Roughly  two  thirds  of  the 
ASVAB,  or  2.5  hours  for  each  prospective  applicant,  provides  only  classification 
information  in  the  form  of  subtests  used  to  construct  aptitude  area  composites. 
Additional  resources  are  devoted  to  setting  qualifying  scores  by  TRADOC  and  the 
ODCSPER.  Other  costs  are  generated  by  the  current  computer  system. 

The  Enlisted  Personnel  Allocation  System  triples  the  performance  gains 
captured  from  the  available  job  performance  system.  Given  the  relatively  small 
costs  involved  in  implementation  compared  to  the  costs  of  maintaining  and 
operating  the  present  classification  and  assignment  system,  this  is  likely  to  be 
highly  cost-effective. 

A  large  body  of  literature  has  been  developing  as  to  how  soldiers  with 
particular  test  scores  perform  on  important  job  tasks.  Project  A,  the  Army's 
project  to  improve  the  selection  and  classification  of  personnel,  has  collected 
a  substantial  data  base  of  highly  reliable  performance  data.  This  data  base 
will  permit  the  translation  of  test  score  improvements  into  quantitative 
performance  indicators  that  can  be  used  to  describe  how  the  capabilities  of 
soldiers  will  change  as  their  characteristics  change. 

It  may  be  possible  to  generalize  from  such  performance  indicators  to  assess 
the  impact  of  soldier  performance  against  estimates  of  organizational  output. 
Ideally,  one  would  like  to  include  factors  to  reflect  soldier  attributes  in  the 
kinds  of  combat  simulation  models  used  to  assess  unit  performance.  While 
several  approaches  have  been  made  in  this  direction  (Miller  and  Bonder  1982, 
Scribner  et  al.  1986),  much  work  would  need  to  be  performed  before  such 
simulation  models  could  be  estimated. 

Psychological  utility  models  based  upon  the  work  of  Brogden  (1959)  have 
attempted  to  measure  the  benefits  of  Improved  classification.  Boudreau  and 
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Berger  (1985)  have  examined  the  application  of  such  utility  analysis  to 
organizational  productivity  and  recommended  an  approach  that  we  will  adapt  here 
to  provide  one  estimate  of  the  value  of  potential  gains.  By  estimating  the 
salary  paid  to  workers,  and  using  the  40  percent  rule  of  thumb  developed  in 
previous  research  on  the  relationship  of  the  standard  deviation  of  performance 
to  salary  (Hunter  and  Schmidt  1982),  the  dollar  value  of  predicted  performance 
gains  can  he  calculated. 

It  is  possible  to  use  the  Boudreau  and  Berger  approach  to  estimate  the 
productivity  gains  from  improved  assignment.  If  one  assumes  that  the  assignment 
decision  is  relevant  to  first  term  performance,  one  can  estimate  the  dollar 
value  of  performance  gains.  Using  regular  military  compensation  for  salary, 

2.09  years  as  the  average  enlistment  term  served  by  a  recruit  (3.27  years  -  36 
percent  attrition),  and  the  40  percent  of  salary  rule,  the  standard  deviation  of 
performance  is  $17,811. 

Using  this  procedure,  the  dollar  value  of  the  gains  from  ARI's 
improvements  to  the  assignment  system  become  $277.9  million  for  implementing 
EPAS. 

A  fifth  approach  to  evaluating  the  benefits  of  improved  MOS  assignment  focuses 
on  the  "opportunity  costs"  of  retaining  the  current  system.  The  new  assignment 
procedure  will  raise  performance  by  four  aptitude  area  points.  This  performance 
increase  could  also  be  achieved  under  the  present  system  by  simply  recruiting 
more  high  quality  soldiers  and  fewer  individuals  in  test  categories  IIIB  and  IV. 
The  cost  of  recruiting  these  additional  I-IIIAs  can  be  used  as  a  measure  of  the 
value  of  the  performance  gains  resulting  from  improved  assignment. 

The  impact  of  introducing  EPAS  would  require  large  increases  in  accession 
quality.  In  order  to  raise  the  average  aptitude  area  score  of  assigned  soldiers 
by  4  points  one  would  need  to  recruit  85.9  percent  category  I— IIIAs  and  no 
category  IVs.  This  would  be  an  increase  of  23.5  percent  additional  category  I- 
IIIAs. 

Projected  out  to  an  accession  population  of  130,000,  these  quality  mix  changes 
become  very  dramatic.  The  gains  from  introducing  EPAS  would  require  30,500 
additional  I-IlIAs.  There  are  no  reliable  figures  as  to  what  these  quality 
increases  would  cost  to  achieve  with  additional  recruiting  resources.  Using 
the  Polich  et  al.  (1986)  estimate  that  it  would  cost  about  $16,000  in  bonuses 
for  each  additional  high  quality  recruit,  the  performance  gains  resulting  from 
EPAS  would  be  valued  at  489  million  dollars  annually. 

SUMMARY 

The  present  Army  job  assignment  system  has  little  impact  on  soldier 
performance.  This  is  because  the  present  system  relies  on  qualifying  scores  to 
perform  allocation,  and  the  present  recruit  population's  capabilities  are 
substantially  above  the  minimum  required  for  most  jobs. 

Job  performance  can  be  improved  by  either  raising  standards  or  assigning 
applicants  more  efficiently.  In  the  selected  scenarios  that  have  been  evaluated 
it  appears  that  improving  the  efficiency  of  assignments  is  more  cost  effective 
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than  raising  standards.  Improving  the  assignment  system  will  also  enhance  the 
Army's  ability  to  make  use  of  improved  performance  predictors. 


Several  alternatives  are  available  for  evaluating  the  benefits  of  improved 
performance.  Where  quantitative  estimates  are  available,  it  appears  tha 
productivity  can  he  improved  a  modest,  hut  significant  amount.  Given  the  number 
of  assignment  decisions  the  Army  makes  each  year,  the  benefits  would  be  expec 
to  be  quite  substantial* 
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I.  INISDDOCXICN 


Ihe  U  S  Arny  Research  Institute  (ARI)  has  developed  the  Enlisted 
Perscamel  Allocaticai  System  (EPAS)  to  recxaanend  training  seats  to  new 
recruits.  Ihis  system,  based  v^xsn  a  ccnbination  of  optunization  and 
decision  rules,  can  increase  soldier  performance  substantially  over  the 
present  eissignment  system.  Ihe  design  of  EPAS  and  hew  it  will  change 
e^licant  classification  are  the  topic  of  this  paper. 


U.  IHE  AEMY'S  IRESENT  ALLOCATEON  SXSIQI 

The  Anry  relies  v^on  a  comoputer  program  that  reconinends  jobs,  or 
military  ooa;pation£il  specialties  (MDS) ,  to  new  recruits.  The  present 
system  includes  data  cai  a  number  of  different  factors,  inclixiing  applicant 
and  MDS  characteristics. 

The  assignment  is  determined  by  three  kinds  of  information.  Ihe  first 
is  the  ooct?)ation-specific  job  standard,  l^itude  area  quali^ing  scores 
are  used  to  determine  ^diether  an  c4:plicant  is  qualified  for  a  particular 
MDS.  Scores  above  the  minimum  have  no  inpact  cm  assignment.  Secxaid, 
distributioncil  goals  in  terms  of  the  APST  are  set  for  each  job.  These 
quality  goals  assure  that  the  population  of  recruits  entering  each  MDS  has 
at  least  a  certain  number  scoring  above  average,  and  no  more  than  a 
specific  percent  of  those  in  the  lowest  eligible  test  category  (IV) .  The 
final  factor  in  the  assignment  process  is  the  jeto's  characteristics.  This 
inclxxies  the  priority  of  ihe  job,  the  time  available  to  fill  training 


seats,  and  the  prcjportion  of  the  annual  training  program  reaanedning. 

The  resulting  system  is  sucaoessful  in  meeting  several  important  goals. 
The  present  system  does  an  aoo^itable  job  of  filling  requirements.  For 
exanple,  in  IY84  the  system  met  total  accession  requirements,  90  percent  of 
the  individual  MDS  training  requirements,  and  88  percent  of  the  MDS  quality 
goals. 

However,  the  present  system  does  little  to  improve  job  performance. 
C3cnsiderable  research  has  the  relationship  of  composite  scores  to  a 

number  of  different  job  performance  criteria  (Armor  1982,  Fernandez  and 
Garf inkle  1985,  Mdau^iLin  et  al  1984) .  An  efficient  placement  system 
would  tend  to  place  candidates  into  the  jobs  where  they  have  the  greatest 
likelihood  of  success.  For  exanple,  the  assignment  problem  presents 
possibilities  that  range  from  no  use  of  classificaticmi  data  (random 
assignment)  to  placement  of  recruits  in  the  job  that  maximizes  total 
performance,  given  job  demands  (optimal  cissignment) .  On  such  a  scale, 
random  assignment  of  1984  accessions  would  produce  a  mean  Altitude  area 
sccre  of  106.7,  vhile  optimal  assignment  would  yield  an  average  ^Jtitude 
score  of  114.4  the  same  grctp  of  recruits  (Figure  1) .  The  present  system, 
\Mch  produced  an  average  e^itude  area  score  of  108.5,  is  c^Jturing  less 
than  one  fourth  of  the  potential  assignment  efficiency. 

The  reascsi  for  the  relatively  lew  assignment  efficiency  is  the 
reliance  on  low  job  standards  for  a  hi^  quality  recruit  pcpulation, 
combined  with  the  focus  on  filling  requirements.  The  average  recruit  today 


qualifies  for  85  percent  of  the  jobs  in  the  Anry  (Figure  2) .  Ihe  average 
test  category  I-IIIA  recruit  qualifies  for  96  percent  of  all  jobs. 
Furthemore,  no  attrition  infonnaticsi  is  used  in  making  assignments, 
althou^  research  has  that  the  effects  of  many  recruit 

characteristics  (gender,  education,  and  test  score)  cxi  turnover  rates  vary 
significantly  across  ooci^tians  (Manganaris  and  Schmitz  1985) . 

Requirements  have  been  the  overriding  ooncem  in  Amy  recruit 
allocation.  When  the  current  allocation  system  was  developed,  finding  any 
place  for  minimally  qualified  recruits  was  the  overriding  objective.  More 
recently,  the  enphasis  has  been  on  obtaining  a  distributiOTi  of  test 
categories  within  jobs.  Ihus,  to  assure  that  requirements  are  met,  the 
allocation  system  has  evolved  so  that  virtually  all  of  the  wei^t  is  on 
meeting  requirements;  the  only  concern  is  vhether  the  epplicant  meets  the 
minimum  job  standard.  Since  standards  are  low,  this  ^iproach  yields  low 
classification  efficiency. 


m.  OBE  EESIGW  OF  THE  ENIISEED  HERSGMNOEIL  ALOXATION  SVSIfM 

While  cptimizaticns  such  as  those  dcaie  by  Schmitz  and  Neiscai  (1984) 
and  Fernandez  and  Garfinkle  (1985)  have  indicated  that  job  performance  can 
be  increased  considerably,  these  batch  assignments  would  be  infeasible 
under  present  assignment  procedures.  ;^licants  must  be  placed  in  jobs  at 
the  time  they  negotiate  their  enlistment  ocxitract.  Diis  situatic»i  in 
analogous  to  a  class  of  operations  research  problems  referred  to  as  the 


secxetary  prcblen  (Taitaki  1984) 


Project  B,  the  Enlisted  Personnel  Allocation  Systan,  was  developed  by 
API  to  inprove  the  assignment  of  new  recruits  to  their  tredning  MDS.  EPAS 
uses  a  four  step  strategy  to  assign  recruits  to  1K)S  (Figure  3) .  First, 
forecasts  are  made  of  the  nunhers  and  types  of  epplicants  available  for 
assignment  over  the  next  12  months.  Then  a  plan  is  developed  for  the 
allocation  of  these  recruits  over  the  next  year.  This  plan  is  used  to 
guide  the  training  seat  recommendaticais  made  to  each  prospective  soldier 
vho  is  offered  an  enlistment  ccxitract.  Finally,  the  system  is  frequently 
updated  to  assure  that  the  overall  plan  is  in  close  agreement  with  current 
sipply  and  demand. 

Figure  4  shows  the  EPAS  forecasting  epproach.  Projecticais  of  job 
vacancies  are  made  elsewhere  the  Army.  These  provide  the  monthly 
training  seats  that  must  be  filled  over  the  next  year.  Aggregate  sipply 
forecasts  can  come  from  a  sipply  model  such  as  Home  (1985)  or  US  Army 
Recruiting  Ocmmand  missions.  These  forecasts  are  disaggregated  by 
education,  gender,  APQpr,  and  predicted  performance  into  about  80  s^arate 
grtxps.  For  example,  hi^  school  graduate  males  with  above  average  APQT 
scores. are  disaggregated  into  about  35  s^arate  grtxps  according  to  job 
specific  test  scores. 

Figure  5  presents  an  example  of  two  sipply  grocps.  Both  grcxps  are 
identical  with  respect  to  recruiting  characteristics  (graduate  males,  test 
category  I-IIIA)  and  would  receive  identical  reocnimendations  xmder  the 


current  allocation  system.  EPAS  would  be  likely  to  reoonioend  assignments 
for  the  first  grotp  in  CL,  EL,  GM,  and  ST  eqptitude  clxjsters,  vAiile  the 
secarl  group  wculd  likely  be  assigned  to  jobs  in  the  00,  MM,  OF,  or  SC 
sptitude  areas. 

Once  information  is  available  about  the  demand  for  jobs  and  sipply  of 
recruits,  a  satisfactory  plan  must  be  developed.  This  plan  is  conplicated 
by  the  fact  that  it  must  be  ccncemed  with  not  sinply  filling  jobs  or 
achieving  performance  goeds,  but  must  attempt  to  achieve  both  goals  vhile 
satisfying  a  large  number  of  distribution  and  timing  ocaistraints.  For 
exanple,  neither  too  many  or  too  few  recruits  may  be  brou^t  into  the  Anry 
each  mratth,  and  the  distributicn  of  AR3fr  scores  in  each  ooccpaticn  over  the 
course  of  the  year  must  achieve  the  goals  for  each  oca^aticai.  The  time 
dimension  is  a  critical  ocmplicating  factor  that  must  be  inclvtded  in  the 
problem.  Very  few  recr\iits  enter  the  Aruy  in  the  same  month  they  adist; 
neeurly  cill  enlistments  enter  the  Delayed  Entry  Program  for  15)  to  twelve 
months. 


Figure  6  illustrates  hew  EPAS  assigns  each  of  the  80  supply  groups  to 
jobs  over  the  ne^ct  twelve  months  so  as  to  maximize  espected  performance, 
taking,  into  account  all  of  the  various  policies  and  constraints.  These 
objectives  and  cemstraints  are  translated  into  a  system  of  equations  which 
is  then  solved  using  mathematical  progranming  techniques  to  identic  the 
oenbination  of  supply  group- job-month  assignments  that  satis^  policies  and 
produce  the  hi^iest  performance  level.  TWo  measures  of  performance  have 
been  used  thus  far:  technical  job  performance  as  predicted  by  the  eptitucle 


area  scx>re,  and  attrition  as  predicted  by  characteristics  of  the  recniit 
and  jcb  (Marqanaris  and  Schmitz  1985,  Manganaris  and  Fhillips  1985) . 

Figure  7  sIxms  how  the  results  of  the  planning  model  are  then  used  to 
guide  the  job  reconmendaticyis  for  each  a^licant.  Ihe  planning  prcblean 
generates  a  list  of  preferred  MDS  assignments  for  each  simply  groip. 
Alternative  etssignments  are  evciluated  by  hew  close  the  alternative  is  to 
the  cptimal  assignment.  This  information  is  oontoined  with  detailed  data  on 
applicant  and  job  characteristics  so  that  each  recniit  can  be  evaluated 
against  the  actual  training  seats  available  to  him  or  her.  This  part  of 
the  decision  eilgorithm  is  anedogcus  to  both  the  present  Army  system  and 
procedures  used  by  the  Air  Force  and  Navy.  The  guidance  provided  by  the 
planning  system  assures  that  the  roary  goals  and  constraints  on  the 
distributional  aspects  of  the  assignment  are  met  vhile  improving 
performance. 

The  freguent  vpdates  of  the  forecasts  and  planning  guidance  assure 
that  the  reccninendations  remain  on  track  witii  policy  objectives.  Since  the 
DEP  holds  over  three  mcarths  of  recruits,  there  is  time  to  correct  errors  in 
forecasts.  Major  changes  in  recaniit  sipply  or  training  plans  oculd  require 
separate*  analysis.  In  fact,  cme  additional  benefit  of  EPAS  is  the 
*  cepabilily  to  quickly  perform  simulaticai  analyses  of  the  impact  of  changes 
in  the  recruiting  enviramnent.  It  is  possible  to  investigate  hew  changes 
in  enlistanent  standards,  recruit  supply,  or  training  schedules  will  impact 
on  the  perfonoanoe  and  costs  of  the  Army's  enlisted  force. 


IV. 


The  assignment  of  soldiers  to  job  training  presents  a  difficult 
problem,  Nearly  3,000  recruits  be  assigned  to  over  250  different  jobs  each 
week  at  over  60  locations.  IkxSer  the  current  system  each  recruit  is 
assigned  solely  according  to  the  priorities  of  the  seats  open  at  the  time 
of  contract.  While  this  system  performs  well  at  filling  recpirements, 
there  is  virtually  no  cepacity  to  place  recruits  into  the  jobs  th^  can  be 
ejpected  to  do  best. 

EPAS  provides  a  strategy  for  both  satisfying  requirements  and 
improving  job  performance.  By  forecasting  and  planning  prior  to  the 
eunrival  of  recnaits  it  is  possible  to  improve  placement  substantially. 
DecisiOTS  can  be  made  to  place  recruits  in  a  way  that  more  closely 
cppro}dmates  optimal  assignment  policy. 

Furthermore,  this  epproach  provides  a  number  of  ancillary  advantages. 
The  impact  of  eissignment  decisions  cm  important  management  indicators  can 
be  calculated.  The  Army  can  assess  hew  assignment  strategies  will  affect 
job  performance,  attrition,  MDS  fill,  and  the  oonpositiem  of  Idle  EEP. 

Also,  EPAS  can  be  used  to  simulate  alternative  policies  and  enviremments. 
The  impact  of  changing  requirements,  recruit  supply,  or  enlistment 
standards  can  be  evaluated  prior  to  their  occurrence. 


EPAS  is  not  yet  operaticmal  and  definitive  research  has  not  been 
performed  on  some  of  these  questions.  Hewever,  many  such  simulaticms  have 


been  performed  ocnparing  the  autocme  of  assignmerts  with  ERAS  to  the 
current  system  (Schmitz  and  MciWhite  1986) .  Ihese  analyses  have  shewn  ERAS 
can  reduce  attritim  and  iinprove  job  performanoe  substantially,  even  \ihen 
applicant  choice  is  accounted  for.  Rlirthenciore,  sirulatiohs  have  shewn 
that  ERAS  can  eLLso  ad^it  to  meet  requirements  under  volatile  recruiting 
enviroraients.  With  better  planning  ce^jability  there  will  be  less  reactive 
crisis  management  and  fewer  disn;^ions  of  recruiting  and  training. 
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FIGURE  1.  The  Range  of  Assignment  Possibilities 
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FIGURE  2.  Current  Recruit  Job  Qualifications 
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FIGURE  3.  ERAS  Assignment  Strategy 
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FIGURE  4.  ERAS  Forecasting  Approach 


SUPPLY  GROUPS  COMBINE  TO  FORM  MISSION  BOXES 
SUPPLY  GROUPS  SUPPORT  MORE  ACCURATE  JOB  PLACEMENT 


EXAMPLES  OF  EPAS  SUPPLY  GROUPS 


29  SUPPLY  GROUPS  RANGING  FROM  700  TO  3^500  RECRUITS 


FIGURE  6.  ERAS  Allocation  Planning 
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FIGURE  7.  ERAS  Applicant  MOS  Assignments 
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I.  PnHXUCEICM 


!Ihe  develoiment  of  the  Enlisted  Perscxmel  Allocation  System  (EPAS) 
has  resulted  in  inproveinents  in  the  develcpooent  and  analysis  of  policies 
with  respect  to  the  nanageroent  of  the  Army's  placement  of  recruits  into 
military  oocupaticaial  ^)ecialties  (M36) .  Ihis  pc$)er  discusses  several  of 
the  kinds  of  policy  ancdyses  that  ha[ve  been  performed  thrcu^  EPAS. 


H.  EPAS  AND  MANPCMEU  PCANNINS 

Ihe  cperaticaial  versicMi  of  EPAS  will  deal  with  short-term 
classificaticai  problems-  viiich  ^jecific  MDS  to  reocnroend  to  each 
prospective  recruit.  Many  policies  and  procedures  will  be  fixed  under 
these  oanditicxis.  Ihe  requirements  will  be  kncwn,  enlistment  standards 
will  b^  set,  and  recruiting  resourxoes  will  be  in  place. 

EPAS  can  be  used  to  perform  simulaticxis  of  the  classificaticxi  and 
assignment  envircaiment.  Figure  1  illustrates  seme  of  the  policy  analysis 
simulations  that  could  be  performed  using  EPAS.  Changes  in  the  training 
seat  schedule  or  Delayed  Entry  Program  (ISP)  policy  can  be  evaluated  to 
determine  first  of  all  if  th^  are  feasible,  and  secondly,  vhat  iirpact  they 


would  have  vpan  major  indicators,  such  as  recruiting  costs,  attrition,  or 
job  performance. 


Often  there  is  an  interest  in  broader  policy  analysis  Issues  than 
those  of  detailed  monthly  or  weekly  aocessicxi  management.  Several  variants 
of  EPAS  have  been  developed  by  ART  scientists  for  examining  such  issues  as: 

o  EEP  policy 

o  Design  of  classification  tests 

o  Mobilizaticxi 

For  exaitple,  policy  is  an  input  to  the  operaticxial  EPAS.  However, 
there  has  been  interest  from  the  U.S.  Anry  Recruiting  Ocmnand  (USARBC)  in 
determining  ^hat  kind  of  ££P  policy  would  be  most  reascxiable.  Mangararis 
and  Riillips  (1985)  performed  research  rqpcn  sane  of  the  more  significant 
features  of  the  DEP.  Ihey  found  that  time  in  the  EEP  resulted  in  both 
costs  and  benefits  to  the  Anty. 

Figure  2  illustrates  the  tradeoff  that  results  from  time  in  the  DEP. 

As  a  recruit  spends  more  time  in  the  EEP  his  probability  of  fcdling  to 
enlist  increases.  Biis  is  portrayed  by  the  IKP  loss  curve.  However,  other 
research  has  found  that  time  in  the  DEP  is  inversely  related  to  in-service 
attrition.  Uiis  is  shewn  by  the  attrition  loss  probability  curve. 

^  Ihe  optimal  DEP  policy  depends  vpon  a  number  of  factors:  the 


steepness  of  the  two  loss  curves  and  the  relative  costs  of  each  kind  of 
loss.  Also,  vhile  the  capability  existed  to  identic  global  optimal 
solxitions,  maiiy  other  maneigement  factors  would  need  to  be  included  before 
broad  cheinges  sre  made.  Nevertheless,  a  sensitivity  anedysis  found  that 
USARBC  should  move  towards  a  larger  DEP  inventory.  Based  vpon  this 
research,  the  Ckeinanding  General  of  USAREC  increased  EEP  inventory, 
resulting  in  a  reduction  of  in-service  attrition  that  saved  the  Amy  many 
millions  of  dollars. 

Another  area  vhere  EPAS  has  provided  useful  policy  analyses  is  in  the 
development  of  classification  tests.  Alternative  e^itude  composites  were 
developed  by  the  Amy  Research  Institute.  Ihrou^  siirulations  (Schmitz 
and  Nord  1987)  it  was  possible  to: 

o  Identify  the  conposites  with  the  greatest  potential  for  inproving 
job  performance 

o  evaluate  the  iitpact  of  the  new  conposites  i;pon  job  performance  under 
the  existing  classificaticai  and  assignment  system 

o, estimate  the  gains  in  productivity  that  would  result  from 

% 

iitplem^ing  new  classification  measures  with  EPAS. 

Ihe  simulations  performed  could  not  only  identic  the  set  of  tests 
that  would  inprove  job  performance  the  most,  they  edso  could  estimate  the 
benefits  of  alternative  policies.  Ihe  effectiveness  measure  used  in  this 
analysis  is  the  nunber  of  above  average  recruits  required  to  achieve  a 


particular  perfomancje  level  (Nbrd  and  Schmitz  1988) .  More  accurate  tests 
and  classification  systesos  can  achieve  performance  levels  that  viould 
require  many  additioial  hi^  performers  if  the  present  system  is  \]sed  to 
ma]ce  assignments. 

Figure  3  illustrates  the  kinds  of  inproveonents  that  would  occur  under 
different  inplementaticn  scaiarios.  The  alternatives  evaluated  include: 
o  IWo  sets  of  classificaticHi  ccmposites 

-  Current  eptitude  area  scores 

-  Ocnposites  incl\3ding  new  mechanical  maintenance  (MM) 
o  IWo  allocation  mechanisms 

-  Current  system 

-  EPAS 


Modi^ing  the  classification  tests  ty  inproving  the  Ml  classification 
test  would  produce  little  inproved  performance  under  the  current 
classification  system.  However,  vhen  EPAS  is  inplemented  the  new 
classificaticai  test's  value  increases  dramatically.  Ihe  change  in 
classificaticai  efficiency  will  produce  a  performance  increase  equivalent  to 
6,000  below  average  recruits  with  hi^  quality  recruits. 

Other  research  remains  to  be  performed  in  the  classificaticai  area 
that  will  be  of  great  significance  to  the  Anny.  For  exanple,  EPAS  could  be 
tied  in  directly  to  the  management  of  enlistment  incentives.  Data  &cm 
EPAS  on  the  rate  at  vhich  MDS  are  filling  could  serve  as  the  basis  for 
efficient  bonus  and  Amy  College  Fund  use.  Once  analyses  have  been 
performed  to  assess  the  sensitivity  of  MDS  fill  to  monetary  and  ncanmonetary 


incentives  it  will  be  possible  to  integrate  these  inoentives  into  the 
assignment  algorithm  of  EPA5. 

Finally,  research  in  the  assignment  and  classification  area  needs  to 
be  concerned  with  long  term  research  issues.  In  the  long  term  not  only  do 
the  characteristics  of  the  people  vary,  but  the  assignments  themselves  can 
be  changed.  The  nunbers  and  skills  required  become  a  decision  variable  in 
the  assignment  problem. 

Ihe  MJa^TKENT  model  is  the  Amy’s  ^proach  to  integrating  manpower 
planning  into  the  system  design  process.  Ihere  is  oertednly  a  place  for 
classification  and  assignment  modeling  in  the  MRNHONr  arena.  Developers 
need  feedback  cn  the  ^lecific  characteristics  and  i^lls  that  will  be 
available  within  the  Amy  manpower  pool.  Models  could  be  designed  vhich 
could  ciid  this  process  by  evaltiating  the  manpower  costs  of  alternative 
force  structures.  Such  an  effort  would  be  a  natural  connecticai  between  the 
assignment  models  and  the  system  developers. 
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DEVELOPMENT  OF  A  BEHAVIORALLY-BASED  COST  MODEL  FOR 
EVALUATING  MILITARY  EDUCATIONAL  BENEFITS 


Edward  J.  Schmitz 


Educational  benefits,  particularly  the  Army  College  Fund 
(ACF) ,  have  been  an  important  enlistment  incentive  for  the  Army 
since  1979.  Over  250,000  highly  capable  young  men  and  women  have 
enlisted  in  the  Army  College  Fund  AND  its  predecessor  program 
since  that  year. 

Educational  benefits  are  a  unique  incentive.  Unlike  the 
bonus,  or  even  skill  training,  the  individual  only  receives  the 
benefits  of  the  program  after  completion  of  military  service. 
Thus,  an  individual  who  enlists  for  four  years  and  attends 
college  for  four  years  would  not  have  completed  his  or  her 
benefit  usage  until  at  least  eight  years  after  enlisting. 

The  delay  between  the  awarding  of  the  benefit  and  its  actual 
use  makes  it  difficult  to  assess  the  cost  of  this  program.  Also, 
the  nature  of  the  current  Army  College  Fund  makes  it  difficult  to 
use  the  experience  of  earlier  veteran  educational  benefit 
programs.  Unlike  the  GI  Bill,  recruits  enlisting  for  the  ACF  are 
volunteers  who  make  financial  contributions  in  order  to 
participate.  Nevertheless,  the  Army  needs  estimates  of  program 
costs  at  the  time  of  enlistment,  so  that  it  can  allocate  funds 
for  the  future  program  costs,  and  compare  the  costs  of 
educational  benefit  programs  to  other  recruiting  resources. 

This  paper  provides  a  methodology  for  estimating  the  costs 
of  military  educational  benefits  for  an  individual  at  the  time  of 
enlistment.  A  behavioral  model  of  the  benefit  usage  process  is 
developed  so  that  estimates  of  benefit  usage  can  be  made  for 
different  kinds  of  individuals  and  different  programs.  An 
eligible  individual's  behavior  is  divided  into  five  key 
decisions,  which  can  be  combined  to  estimate  total  benefit  usage 
for  an  individual  with  specific  characteristics.  Also,  dividing 
the  process  up  into  separate  stages  facilitates  future 
projections  of  benefit  use  and  program  costs,  since  new 
information,  such  as  changing  applicant  characteristics,  program 
modifications,  or  changing  retention  policies  can  be  used  to 
modify  each  part  of  the  process,  as  appropriate. 


BACKGROUND 


The  US  Army  began  using  of  educational  benefits  as  an 
enlistment  incentive  in  1979.  The  current  program,  known  as  the 
Army  College  Fund,  provides  supplemental  educational  benefits  for 
highly  qualified  individuals  who  enlist  in  difficult-to-fill 
skills.  The  program  is  open  to  high  school  graduates  who  score 
at  the  fiftieth  percentile  or  above  on  the  Armed  Forces 
Qualifying  Test  (AFQT) .  Qualified  individuals  must  select  a 
program-eligible  military  occupation  in  order  to  receive  the 
supplemental  educational  benefits,  often  referred  to  as 
"kickers” . 


In  fiscal  year  1981,  the  Office  of  the  Secretary  of  Defense 
conducted  an  experiment  with  different  educational  benefits  to 
determine  if  more  effective  programs  could  be  developed.  Two  of 
the  programs  tested  in  the  experiment  were  the  Army  College  Fund 
and  Super  VEAP.  Super  VEAP  offered  kickers  of  $2,000  for  a  two- 
year  enlistment,  $4,000  for  a  three-year  term,  and  $6,000  for  a 
four-year  contract  were  offered. 

An  experimental  program,  referred  to  as  Ultra  VEAP  during 
the  experiment,  became  the  Army  College  Fund  in  fiscal  1982. 

Ultra  VEAP  was  similar  to  Super  VEAP  in  that  soldiers  were 
required  to  contribute  up  to  $2,700.  However,  Ultra  VEAP  offered 
kickers  of  $8,000  for  a  two-year  enlistment,  and  $12,000  above 
the  basic  VEAP  benefit  for  either  three  or  four-year  terms. 

The  experiment  initially  covered  about  47  percent  of  Army 
positions.  Initially  45  military  occupational  specialties  (MOS) , 
primarily  in  the  combat  arms,  were  eligible  for  benefits. 

However,  because  of  recruiting  difficulties,  20  additional  MOS 
covering  an  additional  9  percent  of  enlistment  slots  were  added 
in  February  1981.  These  new  occupations  were  primarily  in 
support  functions  such  as  legal  clerk,  dental  specialist,  air 
traffic  control  tower  operator,  and  food  service  specialist. 

Thus,  the  experiment  consisted  of  two  separate  program  levels 
during  the  course  of  fiscal  year  1981. 

An  analysis  of  the  enlistment  effects  of  Educational 
Assistance  Test  Program  was  performed  by  Fernandez  (1982) .  He 
found  the  Army  College  Fund  was  successful  in  terms  of  increasing 
quality  Army  enlistments;  it  also  did  not  appear  to  draw  recruits 
away  from  other  services.  This  program  was  implemented 
nationally  during  fiscal  year  1982. 

What  is  less  certain  for  the  program  is  its  cost. 

Individuals  cannot  use  benefits  until  they  have  completed  at 
least  two  years  of  service,  and  have  up  to  ten  years  after 
leaving  the  military  to  use  the  benefits.  Therefore,  the 
ultimate  cost  of  the  program  cannot  be  known  until  many  years 
after  the  benefits  are  offered.  Without  estimates  of  the  program 
costs,  it  is  not  possible  to  assess  the  program's  cost- 
effectiveness  relative  to  other  recruiting  resources. 


A  MODEL  OF  BENEFIT  USE 


The  usage  of  special  military  educational  benefits  for  high 
quality  individuals,  often  referred  to  as  "kickers",  is 


determined  by  five  factors: 

o 

contribution 

o 

completion  of  service 

o 

separation 

o 

user  status 

o 

benefits  spent  per  user 

Benefit  usage  is  determined  by  the  product  of  all  five 
decisions.  An  individual  must  make  the  appropriate  choice  at 
each  of  the  first  four  decision  points  to  have  any  benefit  use. 
For  example,  not  all  eligible  individuals  choose  to  participate 
in  the  basic  educational  benefit  program.  If  the  individual 
chooses  not  to  participate  in  the  Veterans  Educational  Assistance 
Program  (VEAP) ,  then  he  or  she  is  not  eligible  for  the  kickers. 
Also,  the  individual  must  complete  at  least  21  months  on  active 
duty  to  become  eligible  for  the  kickers.  Not  all  individuals  who 
contribute  and  complete  the  required  service  actively  participate 
in  the  program.  The  eligible  participant  must  separate  from  the 
military  to  use  the  college  benefits. 

Also,  after  separation  from  the  Army,  the  individual  then 
has  ten  years  to  use  benefits.  Thus,  recruits  who  enlisted  when 
the  Army  College  Fund  was  first  tested  in  1981  still  have  many 
years  to  use  the  benefits. 

Individuals  who  entered  the  Army  in  fiscal  1981  and  who  were 
eligible  for  either  the  Army  College  Fund  or  Super  VEAP  were 
tracked  through  September  1987  to  determine  the  extent  to  which 
they  used  military  educational  benefits.  Five  behavioral  models 
of  factors  necessary  for  benefit  usage  were  estimated  for  this 
group;  contribution  behavior,  continuation  behavior, 
reenlistment  behavior,  start  of  benefit  usage,  and  amount  of 
benefits  used  per  user. 

Models  were  estimated  using  individual  level  data  on 
behavior.  That  is,  for  each  model  of  choice  behavior, 
individuals  were  observed  as  to  what  their  choice  behavior  was, 
as  well  as  selected  explanatory  variables  of  interest,  including 
individual  characteristics  and  program  variables. 


Contribution  Behavior 


Individuals  in  the  two  programs  had  to  contribute  to  the 
basic  VEAP  program  to  be  eligible  for  ACF  and  Super  VEAP  kickers. 
Thus,  the  first  model  of  educational  benefit  usage  behavior  is  of 
this  contribution  behavior.  It  is  of  the  form; 

P(CONTRIBUTE)  =  f(X,  Program) 

where  the  probability  that  an  individual  contributes  to  the 
educational  benefit  program  is  estimated  as  a  function  of 
individual  characteristics  (X)  and  program  characteristics. 

Table  1  identifies  the  explanatory  variables  that  comprise 
the  set  of  individual  and  program  characteristics  tested  against 
probability  of  making  contributions.  AFQT,  age,  tace,  sex, 
dependents,  and  whether  the  individual  has  had  any  previous 
college  education  are  the  individual  characteristics  hypothesized 
to  affect  contribution  probability.  Also,  to  control  for 
occupational  differences,  the  Department  of  Defense  (DOD) 
occupational  categories  were  used  to  identify  the  kind  of 
specialty  for  which  the  individual  enlisted. 

A  set  of  categorical  variables  account  for  both  enlistment 
term  and  program  differences  that  were  available  to  recruits. 

The  reference  program  is  the  ACF  three-year  enlistment. 

Additional  variables  indicate  if  the  individual  was  under  the 
Super  VEAP  Program,  if  a  two-year  or  four-year  enlistment  was 
selected,  or  if  an  individual  under  the  Super  VEAP  took  either  a 
two-year  or  four-year  enlistment.  To  control  for  any  variance  in 
behavior  over  time  independent  of  programs,  three  quarterly 
categorical  variables  were  used.  The  reference  time  period  was 
the  winter  of  1981. 

Table  2  provides  the  results  from  a  linear  probability 
regression  estimating  the  probability  of  an  individual 
contributing  to  his  or  her  educational  benefit  fund.  Over  all 
two-thirds  of  the  recruits  made  contributions  to  their 
educational  benefits  account.  Most  of  the  human  capital  related 
variables  were  significant  with  the  expected  sign.  Those  with 
high  AFQT  scores,  young,  with  previous  college,  and  no  dependents 
were  most  likely  to  contribute.  Blacks  had  about  6.5  percent 
higher  contribution  probabilities  than  nonblacks,  but  women  did 
not  differ  significantly  from  men.  Recruits  in  other  technical 
specialties  (D0D0CC4)  had  a  significantly  higher  probability  of 
contributing,  while  those  entering  equipment  repair  (DODOCC6)  and 
supply  (D0D0CC8)  specialties  were  much  less  likely  to  contribute. 

The  Super  VEAP  Program,  with  its  lower  benefit  levels,  had 
nearly  13  percent  lower  contribution  rates  than  the  ACF.  The 
two-year  enlistment  term  had  an  8  percent  higher  contribution 
probability  than  the  three-year  enlistment,  but  somewhat 
surprisingly,  the  four-year  enlistment  did  not  have  significantly 
lower  rates.  The  interaction  term  for  the  Super  VEAP  four-year 


enlistment  was  positive,  indicating  that  the  four-year  term  under 
Super  VEAP  (SVP4)  was  only  about  4  percent  lower  in  its 
contribution  rates  than  the  four-year  ACF. 


Completion  Behavior 

A  recruit  must  complete  at  least  21  months  of  service  to 
become  eligible  for  benefits.  This  is  essentially  the  complement 
of  attrition  behavior.  Hence,  the  same  factors  that  affect 
attrition  should  affect  completion  probabilities. 

Table  3  presents  the  results  of  the  service  completion 
model.  About  83  percent  of  those  who  made  contributions  served 
the  time  required  to  become  eligible  for  benefit  usage.  Blacks, 
recruits  with  high  test  scores,  and  long  periods  in  the  delayed 
entry  program  (DEP)  had  significantly  higher  completion  rates. 

In  contrast,  older  recruits  and  women  had  much  lower  completion 
probabilities  than  younger  male  recruits.  Those  un  communication 
and  intelligence  (DODOCC2) ,  medical  and  dental  specialties 
(DODOCC3)  and  in  other  technical  specialties  (D0D0CC4)  had 
significantly  higher  completion  rates.  The  only  program  variable 
with  a  significant  relationship  to  completion  rates  was  the  two- 
year  term,  which  had  about  5  percent  higher  completion  rates  than 
the  three-year  reference  group. 


Separation  Behavior 

In  order  to  use  educational  benefits,  individuals  must  leave 
the  military.  Hence,  a  model  of  reenlistment  behavior  is 
estimated.  In  addition  to  the  demographic,  program,  and 
occupational  variables,  two  economic  variables  were  added.  These 
are  the  selective  reenlistment  bonus  (SRB)  multiplier  in  effect 
at  the  time  of  reenlistment,  and  the  unemployment  rate  in  the 
recruits  home  district  during  the  month  he  or  she  completes  the 
first  enlistment.  Also,  the  dependents  variable  was  measured  at 
the  time  of  reenlistment. 

Table  4  shows  the  results  of  the  linear  probability 
regression  for  reenlistment.  Most  of  the  demographic  variables 
agree  with  previous  research  results  and  economic  theory.  High 
AFQT  soldiers  have  somewhat  lower  reenlistment  rates,  while 
blacks  and  those  with  dependents  have  much  higher  reenlistment 
probabilities.  Recruits  in  technical  (D0D0CC4) ,  administrative 
(D0D0CC5) ,  and  supply  (D0D0CC8)  specialties  were  most  likely  to 
reenlist.  High  SRBs  and  high  unemployment  are  both  associated 
with  significantly  higher  reenlistments. 

The  major  program  effect  was  found  to  be  associated  with 
enlistment  term.  Two-year  recruits  had  a  nearly  12  percent  lower 
reenlistment  rate  than  three-year  term  recruits,  and  four-year 
term  enlistments  reenlisted  at  rates  about  5  percent  higher. 


Three-year  term  Super  VEAP  recruits  had  reenlistment  rates  about 
4  percent  higher  than  ACF  recruits,  but  the  differences  decreased 
to  about  3  percent  for  two-year  term  soldiers,  and  2  percent  for 
those  enlisting  initially  for  a  four-year  term. 


Start  of  Benefit  Use 


Table  5  presents  the  results  of  a  regression  on  the 
probability  of  using  any  educational  benefits  by  September  1987. 
By  this  time  all  recruits  had  at  least  two  years  after  completion 
of  their  initial  enlistment  to  begin  benefits.  About  30  percent 
of  the  sample  had  used  any  of  their  educational  benefits. 

To  control  for  the  time  available  to  use  benefits,  several 
variables  have  been  added.  MONTH  reflects  the  number  of  months 
since  the  recruit  has  separated,  while  M0NTH2  is  the  squared 
number  of  months.  These  two  factors  can  determine  if  the 
probability  of  becoming  a  user  changes  with  months  the  recruit 
has  had  to  begin  use.  There  is  over  a  two  year  range  in  time 
among  program  participants  in  which  to  start  using  benefits.  It 
is  hypothesized  that  usage  should  increase  with  additional  time 
available  to  use  benefits,  but  increases  should  level  off.  Hence 
the  linear  term  should  be  positive,  but  the  quadratic  term 
negative.  Also,  three  seasonal  variables  are  provided  to  control 
for  seasonal  differences  in  the  college  start  rate. 

The  human  capital  variables  for  age,  test  score,  previous 
college,  women,  and  dependents  were  all  significant  and  often 
provided  considerable  explanatory  power.  An  individual  with  an 
AFQT  of  99  would  have  30  percent  greater  likelihood  of  using 
benefits  than  someone  with  an  AFQT  of  50;  a  23  year  old  recruit 
would  have  a  10  percent  lower  probability  of  using  benefits  than 
an  18  year  old  enlistee.  A  recruit  with  some  college  was 
estimated  to  have  a  14  percent  greater  probability  of  using 
benefits,  while  someone  who  leaves  the  service  with  dependents 
was  11  percent  less  likely  to  use  benefits.  Those  who  worked  in 
communications  and  intelligence  were  more  likely  to  use  benefits, 
while  those  who  served  in  equipment  repair  and  supply  were  much 
less  likely  to  use  benefits. 

Program  differences  in  benefit  use  were  substantial.  The 
Super  VEAP  Program  three-year  had  over  16  percent  lower  benefit 
use  probabilities  than  the  Army  College  Fund.  Two-year  term 
recruits  were  14  percent  more  likely  to  use  benefits  than  three- 
year  term  recruits,  but  four-year  term  enlistments  were  12 
percent  less  likely.  The  lower  usage  probabilities  of  Super  VEAP 
recruits  dropped  to  about  9  percent  for  four-year  term  recruits, 
but  remained  about  16  percent  for  two-year  recruits. 


Neither  MONTH  or  MONTH2  was  significantly  associated  with 
different  probabilities  of  use.  This  finding  indicates  that 
usage  rates  did  not  change  significantly  over  the  period 
investigated.  However,  those  soldiers  who  separated  in  the 
summer  had  a  3  percent  greater  probability  of  attending  college. 


Amount  of  Benefits  Used 


Table  6  provides  the  results  for  a  linear  equation  for  the 
amount  of  benefits  used  as  a  function  of  the  same  factors  used  in 
estimating  usage  probability.  About  $4,250  had  been  used  by  the 
average  benefit  user  by  September  1987.  As  to  be  expected,  the 
program  variables  dominate.  A  three-year  term  Super  VEAP  user 
had  spent  over  $3,900  less  than  his  ACF  counterpart.  Both  two- 
year  and  four-year  enlistments  had  spent  less  than  the  three-year 
recruits. 

Both  the  linear  and  quadratic  terms  for  time  were 
significant  in  this  case.  This  indicated  that  the  amount  of 
benefits  used  was  increasing  with  time,  but  at  a  decreasing  rate. 
The  maximum  amount  of  benefits  used  are  estimated  to  occur  at 
abut  47.5  months  after  the  start  of  benefit  usage.  Also, 
recruits  starting  college  in  the  summer  had  spent  about  $600  more 
than  recruits  entering  during  the  winter. 

DISCUSSION 

It  is  possible  to  identify  many  individual  and  program 
factors  that  are  associated  with  behaviors  affecting  use  of 
educational  kickers.  Both  enlistment  terra  and  the  kind  of 
program  were  important  indicators  of  benefit  usage.  For  example, 
while  the  level  of  benefits  is  important,  it  is  likely  that  a 
two-year  program  will  produce  greater  costs  than  longer 
enlistments  with  much  higher  benefit  levels. 

In  order  to  estimate  total  program  costs,  it  is  necessary  to 
forecast  both  the  number  of  benefit  users  and  the  amount  used  by 
each.  Based  on  the  research  performed  here,  it  is  unlikely  that 
the  number  of  users  would  be  expected  to  increase  significantly. 
However,  the  dollars  of  benefits  used  by  each  can  be  expected  to 
increase. 

Once  projections  are  available  of  benefit  usage  by  year,  it 
will  be  possible  to  produce  estimates  of  the  costs  incurred  by 
the  Army  at  the  enlistment  point  by  discounting  benefit  use  at 
the  appropriate  interest  rate.  These  discounted  benefits  can  be 
combined  with  enlistment  models  to  compare  the  costs  of 
educational  benefit  kickers  to  other  resources,  such  as  bonuses 
for  recruiting  individuals. 
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Table  1 


Definition 

Variable 

AFQT44 

EAGE 

FEMALE 

HIGHED 

DEPEND 

BLACK 

UNEMP 

SRBMULTP 

SUPERVP 

TWOYEAR 

FOURYEAR 

SVP2 

SVP4 

DEP 

DODOCCl 

DODOCC2 

DODOCC3 

DODOCC4 

DODOCC5 

DODOCC6 

DODOCC7 

DODOCC8 

DODOCC9 

DEC80 

SPRING81 

SUMMER81 


of  Variables 


_ Definition _ 

AFQT  percentile  score,  1944  metric 
Age  at  enlistment,  in  years 
1  if  female,  0  otherwise 

1  if  one  or  more  years  of  college  completed,  0  otherwise 
1  if  marital  status  other  than  single  with  no  dependents 
1  if  black,  0  otherwise 

unemployment  rate  in  recruiting  district  during  quarter  of 
separation 

SRB  multiplier  for  job  at  time  of  term  completion 
1  if  Super  VEAP  benefits  available  to  recruit,  0  otherwise 
1  if  recruit  selects  two-year  term,  0  otherwise 
1  if  recruit  selects  four-year  term,  0  otherwise 
1  if  Super  VEAP  and  two-year  term  selected,  0  otherwise 
1  if  Super  VEAP  and  four-year  term  selected,  and  0  otherwise 
months  in  the  Delayed  Entry  Program 
1  if  job  is  in  DODOCCl-  electronic  equipment  repair 
1  if  job  is  in  D0D0CC2-  communications  and  intelligence 
1  if  job  is  in  D0D0CC3-  medical  and  dental  specialties 
1  if  job  is  in  D0D0CC4-  other  technical  specialties 

1  if  job  is  in  D0D0CC5-  administrative 

1  if  job  is  in  D0D0CC6-  electrical/mechanical  equipment  repair 

1  if  job  is  in  D0D0CC7-  craftsmen 

1  if  job  is  in  D0D0CC8-  service  and  supply  handlers 
1  if  job  is  in  D0D0CC9-  missing  data 

1  if  recruit  enlisted  during  Dec  1980-Jan  1981,  0  otherwise 
1  if  recruit  enlisted  during  Mar-Jun  1981,  0  otherwise 
1  if  recruit  enlisted  during  Jul-Sep  1981,  0  otherwise 


Table  2 


Regression  Results  for  Contribution  Behavior  Equation 


ANALYSIS  OF  VARIANCE 


SOURCE  DF 


SUM  OF 
SQUARES 


MEAN 

SQUARE  F  VALUE  PROB>F 


MODEL  22 
ERROR  13517 
C  TOTAL13539 


269.10348 

2739.67429 

3008.77777 


12.23197647 

0.20268360 


60.350 


0.0001 


ROOT  MSE 
DEP  MEAN 

C.V. 


0.450204 

0.6666913 

67.5281 


R-SQUARE 
ADJ  R-SQ 


0.0894 

0.0880 


PARAMETER  ESTIMATES 


PARAMETER 

STANDARD 

T  FOR  HO: 

VARIABLE 

DF 

ESTIMATE 

ERROR 

PARAMETER=0 

PROB 

INTERCEP 

1 

0.75800013 

0.03887327 

19.499 

0 

AFQT44 

1 

0.004105851 

0.000304496 

13.484 

0 

EAGE 

1 

-0.01429861 

0.001552064 

-9.213 

0 

FEMALE 

1 

0.01299132 

0.01159855 

1.120 

0 

HIGHED 

1 

0.06565678 

0.01273631 

5.155 

0 

DEPEND 

1 

-0.16921794 

0.01239405 

-13.653 

0 

BLACK 

1 

0.06489167 

0.01323696 

4.902 

0 

TWOYEAR 

1 

0.08209539 

0.01949828 

4.210 

0 

FOURYEAR 

1 

-0.007578319 

0.01852896 

-0.409 

0 

SUPERVP 

1 

-0.12927417 

0.01539790 

-8.396 

0 

SVP2 

1 

-0.01132599 

0.02367751 

-0.478 

0 

SVP4 

1 

0.08558344 

0.02016288 

4.245 

0 

DODOCCl 

1 

0.04823169 

0.05360129 

0.900 

0 

DODOCC2 

1 

0.01302059 

0.01081288 

1.204 

0 

DODOCC3 

1 

0.03763681 

0.03881429 

0.970 

0 

DODOCC4 

1 

0.07669196 

0.02967385 

2.584 

0 

DODOCC5 

1 

-0.006154494 

0.01595206 

-0.386 

0 

DODOCC6 

1 

-0.14274730 

0.02131269 

-6.698 

0 

DODOCC8 

1 

-0.15843948 

0.01383828 

-11.449 

0 

DODOCC9 

1 

-0.13406609 

0.01634288 

-8.203 

0 

DEC80 

1 

-0.06358287 

0.02076017 

-3.063 

0 

SPRINGS 1 

1 

-0.008552324 

0.01067682 

-0.801 

0 

SUMMERS 1 

1 

0.009297966 

0.009074851 

1.025 

0 

I  m  I 
I  ^  I 

0001 

0001 

0001 

2627 

0001 

0001 

0001 

0001 

6825 

0001 

6324 

0001 

3682 

2285 

3322 

0098 

6996 

0001 

0001 

0001 

0022 

4231 

3056 


Table  3 


Regression  Results  for  Completion  Behavior  Equation 

ANALYSIS  OF  VARIANCE 


SUM  OF 

MEAN 

SOURCE 

DF  SQUARES 

SQUARE 

F  VALUE 

PROB>F 

MODEL 

23  54.99608803 

2.39113426 

17.689 

0.0001 

ERROR 

9003  1217.00347 

0.13517755 

C  TOTAL 

9026  1271.99956 

ROOT  MSE  0.367665 

R-SQUARE 

0.0432 

DEP 

MEAN  0.8302869 

ADJ  R-SQ 

0.0408 

C.V. 

44.28168 

PARAMETER  ESTIMATES 

PARAMETER 

STANDARD 

T  FOR  HO: 

VARIABLE 

DF 

ESTIMATE 

ERROR 

PARAMETER=0 

PROB  >  jTj 

INTERCEP 

1 

0.91809319 

0.04311746 

21.293 

0.0001 

AFQT44 

1 

0.000776537 

0.000300562 

2.584 

0.0098 

EAGE 

1 

-0.008586402 

0.001707517 

-5.029 

0.0001 

FEMALE 

1 

-0.12710092 

0.01181541 

-10.757 

0.0001 

HIGHED 

1 

0.02281700 

0.01247899 

1.828 

0.0675 

DEPEND 

1 

0.01772444 

0.01418873 

1.249 

0.2116 

DEP 

1 

0.006781847 

0.001512528 

4.484 

0.0001 

BLACK 

1 

0.07248688 

0.01306402 

5.549 

0.0001 

TWOYEAR 

1 

0.05278607 

0.01838135 

2.872 

0.0041 

FOURYEAR 

1 

-0.02071434 

0.01796823 

-1.153 

0.2490 

SUPERVP 

1 

0.02020892 

0.01570072 

1.287 

0.1981 

SVP2 

1 

-0.01940089 

0.02319347 

-0.836 

0.4029 

SVP4 

1 

0.005050314 

0.02011407 

0.251 

0.8018 

DODOCCl 

1 

0.06161809 

0.04932239 

1.249 

0.2116 

DODOCC2 

1 

0.03247361 

0.01037300 

3.131 

0.0018 

DODOCC3 

1 

0.07529358 

0.03632191 

2.073 

0.0382 

DODOCC4 

1 

0.05562744 

0.02755744 

2.019 

0.0436 

DODOCC5 

1 

0.01964625 

0.01570020 

1.251 

0.2108 

DODOCC6 

1 

0.01346264 

0.02291770 

0.587 

0.5569 

DODOCC8 

1 

-0.006354658 

0.01443970 

-0.440 

0.6599 

DODOCC9 

1 

-0.17821633 

0.01741091 

-10.236 

0.0001 

DEC80 

1 

-0.01608228 

0.02198891 

-0.731 

0.4646 

SPRING81 

1 

0.004572610 

0.01132496 

0.404 

0.6864 

SUMMER81 

1 

-0.006384715 

0.009267298 

-0.689 

0.4909 

Table  4 


Regression  Results  for  Reenlistment  Behavior  Equation 

ANALYSIS  OF  VARIANCE 


SUM  OF 

MEAN 

SOURCE 

DF  SQUARES 

SQUARE 

F  VALUE 

PROB>F 

MODEL 

24  193.81665 

8.07569374 

46.247 

0.0001 

ERROR 

7416  1294.99050 

0.17462116 

C  TOTAL 

7440  1488.80715 

ROOT  MSE  0.417877 

R-SQUARE 

0.1302 

DEP 

MEAN  0.2765757 

ADJ  R-SQ 

0.1274 

C.V. 

151.0895 

PARAMETER  ESTIMATES 

PARAMETER 

STANDARD 

T  FOR  HO: 

VARIABLE 

DF 

ESTIMATE 

ERROR 

PARAMETER=0 

PROB  >  |T| 

INTERCEP 

1 

0.17520887 

0.05418545 

3.234 

0.0012 

AFQT44 

1 

-0.001096375 

0.000379653 

-2.888 

0.0039 

EAGE 

1 

0.002538582 

0.002171230 

1.169 

0.2424 

FEMALE 

1 

0.06252191 

0.01560642 

4.006 

0.0001 

HIGHED 

1 

-0.03791849 

0.01571311 

-2.413 

0.0158 

DEPEND 

1 

0.08572181 

0.01810131 

4.736 

0.0001 

BLACK 

1 

0.14920625 

0.01619272 

9.214 

0.0001 

UNEMP 

1 

0.004226904 

0.002076817 

2.035 

0.0419 

SRBMULTP 

1 

0.01518925 

0.004633126 

3.278 

0.0010 

TWOYEAR 

1 

-0.11948834 

0.02293036 

-5.211 

0.0001 

FOURYEAR 

1 

0.05393100 

0.02279543 

2.366 

0.0180 

SUPERVP 

1 

0.04436092 

0.01998027 

2.220 

0.0264 

SVP2 

1 

-0.01442364 

0.02880222 

-0.501 

0.6165 

SVP4 

1 

-0.02202711 

0.02552856 

-0.863 

0.3883 

DODOCCl 

1 

0.02707749 

0.05985771 

0.452 

0.6510 

DODOCC2 

1 

0.02338671 

0.01289907 

1.813 

0.0699 

DODOCC3 

1 

0.05797716 

0.04410946 

1.314 

0.1888 

DODOCC4 

1 

0.08522621 

0.03329736 

2.560 

0.0105 

D0D0CC5 

1 

0.09884940 

0.01989783 

4.968 

0.0001 

DODOCC6 

1 

0.01639224 

0.02852395 

0.575 

0.5655 

DODOCC8 

1 

0.04579329 

0.01838846 

2.490 

0.0128 

DODOCC9 

1 

0.56994668 

0.02444764 

23.313 

0.0001 

DEC80 

1 

-0.07429607 

0.02732033 

-2.719 

0.0066 

SPRING81 

1 

-0.02759467 

0.01358895 

-2.031 

0.0423 

SUMMER81 

1 

-0.02054439 

0.01131276 

-1.816 

0.0694 

Table  5 


Regression  Results  for  Start  of  Benefit  Use  Equation 


ANALYSIS  OF  VARIANCE 


SUM  OF 

MEAN 

SOURCE 

DF  SQUARES 

SQUARE 

F  VALUE 

PROB>F 

MODEL 

25  213.27606 

8.53104245 

46.538 

0.0001 

ERROR 

7392  1355.04855 

0.18331285 

C 

TOTAL 

7417  1568.32462 

ROOT  MSE  0.4281505 

R-SQUARE 

0.1360 

DEP 

MEAN  0.3035859 

ADJ  R-SQ 

0.1331 

C.V. 

141.0311 

PARAMETER  ESTIMATES 

PARAMETER 

STANDARD 

T  FOR  HO; 

VARIABLE 

DF 

ESTIMATE 

ERROR 

PARAMETER=0 

PROB  >  |T| 

INTERCEP 

1 

0.52764542 

0.07757653 

6.802 

0.0001 

AFQT44 

1 

0.006060371 

0.000392175 

15.453 

0.0001 

EAGE 

1 

-0.02122449 

0.002094929 

-10.131 

0.0001 

FEMALE 

1 

-0.06782207 

0.01677284 

-4.044 

0.0001 

HIGHED 

1 

0.13607973 

0.01647812 

8.258 

0.0001 

DEPEND 

1 

-0.11444736 

0.01200435 

-9.534 

0.0001 

BLACK 

1 

-0.02834602 

0.01851552 

-1.531 

0.1258 

TWOYEAR 

1 

0.13563614 

0.02533832 

5.353 

0.0001 

FOURYEAR 

1 

-0.11597799 

0.02507682 

-4.625 

0.0001 

UNEMP 

1 

0.001294431 

0.002302523 

0.562 

0.5740 

SUPERVP 

1 

-0.16642331 

0.02046338 

-8.133 

0.0001 

SVP2 

1 

-0.007783655 

0.02872662 

-0.271 

0.7864 

SVP4 

1 

0.07309024 

0.02691543 

2.716 

0.0066 

MONTH 

1 

-0.002456819 

0.003094881 

-0.794 

0.4273 

MONTH2 

1 

-0.000018506 

0.000042051 

-0.440 

0.6599 

DODOCCl 

1 

-0.11386035 

0.06603521 

-1.724 

0.0847 

DODOCC2 

1 

0.04591856 

0.01342872 

3.419 

0.0006 

DODOCC3 

1 

0.03123350 

0.04915181 

0.635 

0.5252 

DODOCC4 

1 

0.04852430 

0.03632999 

1.336 

0.1817 

DODOCC5 

1 

0.007056374 

0.02035423 

0.347 

0.7288 

DODOCC6 

1 

-0.05395368 

0.02571166 

-2.098 

0.0359 

DODOCC8 

1 

-0.09467303 

0.01688786 

-5.606 

0.0001 

DODOCC9 

1 

-0.03766951 

0.05137017 

-0.733 

0.4634 

SPRING 

1 

0.004452431 

0.01527269 

0.292 

0.7707 

SUMMER 

1 

0.03394375 

0.01415227 

2.398 

0.0165 

FALL 

1 

-0.001522528 

0.01699819 

-0.090 

0.9286 

Table  6 


Regression  Results  for  Amount  of  Benefits  Used  Equation 


ANALYSIS  OF  VARIANCE 


SOURCE  DF 


SUM  OF 
SQUARES 


MEAN 

SQUARE  F  VALUE 


PROB>F 


MODEL  25 
ERROR  2226 
C  TOTAL  2251 


9938811814 

12395428216 

22334240030 


397552473 

5568476.29 


71.393 


0.0001 


ROOT  MSE 
DEP  MEAN 

C.V. 


2359.762 

4257 

55.43251 


R-SQUARE 
ADJ  R-SQ 


0.4450 

0.4388 


PARAMETER  ESTIMATES 


VARIABLE  DF 


INTERCEP  1 
AFQT44  1 
EAGE  1 
FEMALE  1 
HIGHED  1 
DEPEND  1 
BLACK  1 
TWOYEAR  1 
FOURYEAR  1 
UNEMP  1 
SUPERVP  1 
SVP2  1 
SVP4  1 
MONTH  1 
MONTH2  1 
DODOCCl  1 
DODOCC2  1 
DODOCC3  1 
DODOCC4  1 
DODOCC5  1 
DODOCC6  1 
DODOCC8  1 
DODOCC9  1 
SPRING  1 
SUMMER  1 
FALL  1 


PARAMETER 

ESTIMATE 

2246.05221 

22.22649868 

-129.55004 

-164.99479 

564.01345 

-64.22287685 

-468.70805 

-699.46046 

-1037.15494 

14.98147091 

-3906.90233 

-403.87730 

1847.58907 

254.84474 

-2.68206813 

-655.40219 

-127.51661 

444.83006 

-142.80105 

-402.28991 

-159.74390 

20.73969109 

-224.42045 

153.28829 

593.21450 

333.67398 


STANDARD 

ERROR 

680.07942 

3.89630347 

25.26924191 

186.52501 

151.06959 

145.85470 

215.50355 

228.11798 

229.24969 

23.11201320 

202.83989 

265.32489 

267.08691 

23.90698514 

0.39431149 

754.21000 

126.91748 

467.78676 

325.01673 

192.78733 

268.87148 

172.94118 

540.05052 

198.59750 

112.42126 

241.81930 


T  FOR  HO: 

PARAMETER=0 

3.303 

5.705 

-5.127 

-0.885 

3.733 

-0.440 

-2.175 

-3.066 

-4.524 

0.648 

-19.261 

-1.522 

6.918 

10.660 

-6.802 

-0.869 

-1.005 

0.951 

-0.439 

-2.087 

-0.594 

0.120 

-0.416 

0.772 

5.277 

1.380 


PROB 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


I  m  I 
I  1 

0010 

0001 

0001 

3765 

0002 

6597 

0297 

0022 

0001 

5169 

0001 

1281 

0001 

0001 

0001 

3849 

3151 

3417 

6604 

0370 

5525 

9046 

6778 

4403 

0001 

1678 
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I.  INTRODUCTION 


specialties  (MOS)  for  training.  This  assignment  deLslo7°“°”“^ 

lnveJter°anrthr*  I>llllon  dollars  In  human  capital  are 

invested,  and  the  performance  and  capabilities  of  the  Army  are 

directly  affected  by  how  well  it  is  made.  ^ 

This  paper  discusses  the  improvements  to  the  assignment 

achieved  by  implementing  resulL  of  ARI 
classification  and  assignment  research.  We  present  results  from 
simulations  designed  to  assess  the  potentlal^henef ltd  nf-  ^  ” 

the  classification  and  assignment  of  n^-Jrior  L^vLe  fcc^r^"® 
to  training  MOS.  The  simulations  Indicate  that  the  gains  in 
productivity  that  could  he  achieved  by  more  efficientlv  LlLpt.- 
currently  available  manpower  are  equivalent  tn  th«!o  allocating 

expected  from  an  increase  of  about  25%  in  high-quality  Lc^ssions! 

The  next  section  provides  a  review  of  relevant  previous 

^e^arcJ  Sectiorrili  economics,  and  operations 

Section  III  describes  the  approach  used  to  develop 

mulations  of  the  impact  of  improvements  in  the  assignment  ^ 

presents  the  simulation  results. 

both  provides  cost-benefit  assessments  of  the  results  using 

both  psychological  and  economic  models.  Policy  implicat  I  Lrare 
discussed  in  the  final  section.  mcarions  are 


II.  LITERATURE  REVIEW 

recognized  the  relationship  between 
improvements  in  the  prediction  of  job  performance  and 

organizational  productivity.  The  origins  of  research  into  this 
relationship  can  be  traced  to  work  by  Taylor  and  Russell  (1939) 

exteL'ion'of^'b''^*.a^"‘^""^'^  -  ref iLLnt \o  !nd 

bo^b  ti  these  Ideas  to  apply  them  to  employee  selection  in 

(  1985)  and  t  sectors  (see,  e.g.  Schmidt  and  Hunter 

vl985),  and  Cronbach  and  Gleser  (1965))* 


A  key  innovation  from  Brogden  was  the  development  of  an  equation  for 
evaluating  the  impact  of  a  selection  test  on  organizational  ^ 
productivity.  His  equation  took  the  form: 


U  =  N  V  SDy  Z  ( ^  ) 

where  U  is  the  gain  in  organizational  productivity; 

V  is  the  validity  of  the  predictor  (correlation  with  the 
performance  criterion); 

N  is  the  number  of  individuals  selected; 

SDy  is  the  value  to  the  organization  of  one  standard 
deviation  increase  in  performance;  and 

Z  is  the  expected  mean  predictor  score  (expressed  in 
standard  normal  deviations)  resulting  from  a  given  selection 

S  iZ  3^  XI  d  cl  IT  CL  • 

This  formula  provided  a  systematic  way  to  assess  the  impact  of 
selection  tests.  For  a  considerable  time,  however,  very  little  work 
was  performed  in  this  area,  primarily  because  of  the  perceived 
difficulty  of  assigning  a  dollar  value  to  a  standard  deviation  in 
performance.  Cost  accounting  information  and  personnel  records  did  not 
generally  lend  themselves  to  empirical  estimation  of  the  relationship 

Hunterf^qfi?’;''  performance  (Cronhach  and  Gleser  1965).  Schm^d^  and 

Hunter  (1982)  were  only  able  to  find  two  studies  where  cost  accounting 
procedures  were  used  to  measure  SDy.  ccounting 

Eventually,  advances  in  techniques  for  the  collection  and 
interpretation  of  survey  data  led  to  the  use  of  expert  judgments  of  the 
o  lar  value  of  performance  (Schmidt  and  Hunter  1982).  This  approach 
relies  on  assessments  elicited  from  individuals  in  a  position  to 
evaluate  the  organizational  consequences  of  variations  in  job 

irlllZTrlV.  individuals  are  asked  to  estimate  the  dollar  value 

of  selected  levels  of  performance.  By  imposing  distributional 

assumptions  on  both  the  error  in  these  judgments  and  the  variations  in 
j  per  ormance  It  is  possible  to  arrive  at  estimates  of  the  dollar 
value  of  a  standard  deviation  in  performance.  This  approach  has  also 
(1985^^  o^’tain  nonmonetary  valuations  of  output  by  Eaton  et  al . 

varletrof’T^r''^  Schmidt  et  al  .  (1985)  has  shown  that,  in  a  wide 
dlhltLfj  surveys,  the  estimates  of  the  value  of  a  standard 

orsaJa^v  TMs  ^  70  percent 

of  407  finding  has  led  to  widespread  use  of  a  "rule  of  thumb" 

salary  as  a  conservative  estimate  of  the  value  of  a  standard 
deviation  change  in  expected  mean  performance. 


Economic  Approaches  to  Selection  Evaluaf-tnn 


A  related  approach  for  estimating  the  value  of  improved  selection 
comes  from  the  economic  literature.  Under  economic  theory  of 
production  It  can  he  shown  that  in  a  competitive  situation  an  employer 

equal  to  the  marginal  product  or  output  of  the 
worker  (Ehrenberg  and  Smith  1982).  The  idea  is  that  the  employee's 
wage  should  directly  reflect  his  or  her  productivity.  ^ 

theoretical  prediction  is  reflected  in  practice,  we  would 
expect  that  a  competitive  firm  should  he  willing  to  pay  a  price 
differential  equal  to  the  value  of  the  increase  in  marginal  product 
resulting  from  improved  joh  performance.  If  the  performance 
improvement  is  achieved  through  more  efficient  selection,  then  one 

measure  of  the  value  of  the  selection  procedure  is  this  "willingness  to 
pay  •  ° 

Under  this  approach  the  dollar  value  of  improved  performance  will 
depend  on  the  rate  at  which  improved  performance  is  translated  to 
increased  organizational  output  (the  "output  elasticity"  of 
performance)  and  on  the  value  (or  price)  of  output.  Interestingly,  a 
value  of  40  percent  of  salary  would  imply  an  output  elasticity  of 
performance  of  approximately  .59. 

The  degree  to  which  this  theoretical  prediction  is  reflected  in 
practice  has  been  questioned  by  several  economists.  Thurow  (1975) 
while  generally  acknowledging  that  this  concept  would  hold  in  the  * 
aggregate,  argues  that  it  may  not  he  applicable  for  any  specific  group 
of  employees.  Frank  (1984),  in  an  empirical  analysis  of  employee 
output  in  selected  occupations  where  marginal  output  could  be 
reasonably  measured,  found  that  the  most  productive  workers  tended  to 
e  un  erpai  while  the  least  productive  members  were  overpaid.  The 
issue  IS  further  complicated  in  the  public  sector,  where  the  quantity 
o  ou  pu  is  o  ten  difficult  to  measure  and  measurement  of  output  in 
dollar  terms  is  virtually  impossible. 

An  alternative  economic  approach  to  evaluating  the  costs  and 
benefits  of  employee  selection  was  provided  by  Armor  et  al .  (1982). 

This  approach  focuses  on  "opportunity  costs"  as  a  measure  of  the  value 
of  a  selection  procedure.  In  effect,  this  method  argues  that  the  value 

achieving  a  given  improvement  in  performance  through  more  effective 
selection,  classification  and  assignment  procedures  is  at  least  equal 
to  the  cost  of  achieving  the  same  improvements  by  lowering  the 
selection  ratio.  This  approach  differs  from  earlier  psychological 
utility  models  in  two  ways. 

The  first  major  difference  is  its  recognition  that  increased 
selectivity  imposes  costs  other  than  those  Involved  in  designing  and 
administering  the  selection  instrument.  Most  of  the  psychological 
models  of  selection  utility  either  implicitly  or  explicitly  assume  that 
the  number  of  job  applicants  is  infinite,  and  thus  the  only  costs 
associated  with  increased  selectivity  are  those  required  to  develop  the 
instrument  and  process  applicants.  Armor  explicitly  assumed  that 


IZ:  “f  j”?  standards  would  require  higher 

standards  from  a^  organ!  sat  Lnal  "Jerjpec  t  Ive  ■  "t  rJZof  L 

dtrectly  between  Job  perforwanoe  and  Jersonn!!  costs!  " 

performance  value^^^A”*^^  time  as  a  component  of  job 

,^ni:;r;orJe":!orm\:!c“%\^^:-lo%«”t“'L1e!!“%;L^^l^^^^ 

qualified  man  months",  weights  thp  n-rriKa  "k  •  i  •  i.  indicator, 

will  perform  at  or  abo!er|l,en  standard  J^'tb  “  “  selected  recruit 
that  level  of  performance.  standard  by  tbe  expected  duration  of 


The  Classification  and  Assignment  Problem 

ldent\'fL'!?l\'n^  -^““sva^^a^^Ln 

candidates  from  a  pool  of  potential  employees.  The  classificatl 
assignment  problem  Is  concerned  with  the  Li- t  n,a  i  ^  i  ^ 

selected  population  to  a  number  of  iobs 

In  order  to  solve  this  problem,  two  Issues  must"  br!ccompUs”er°“ ' 

s!r:!  j-^br^L^r 

--‘t\!'’aX“::„"t”pr:bL\!"^=‘“““^  --  -  ca"„s!^“:rwi^r5o^! 

compiLihaf  !i'?^i°L?ect?oro;obr  considerably  more 

•■idjal'.  classlfl!a\%:rL“t"rume\'t“::t'l"t":n°irL^“a"^ie  , 

predict  job  performance,  but  also  be  able  to  nredLr  L  accurately 
job  performance  that  are  unique  to  a  particular  10^ 

classification  prLedure  cann!t  b!’dfvor  1°^°'’”®”! 
for  implementing  tCr^ro^edur!  -  ti«  H  r"  -r' 
assignment  must  be  consldereriolnt ! 5 

tre""!-f^:L:ra;-“recb;‘iq-:!"-  c-pa--«-rrLtr:‘:n^\%itbout 

that  on  selection  In  addtuo  ssignment  is  much  more  sparse  than 

?:sM!n'”J^e''''  ehe°'prolL”fira%\“c°e":eil-®-’ 

:p- -ritbeTb^n^rh  "  Ld-^o 

focus  on  the  mathematical  mechanics  of  the  problem.  Ignoring  tL  Issue 


of  obtaining  the  information  required  to  construct  the  obiective 
function. 

Most  of  the  classification  research  in  the  psychology  literature  is 
again  based  on  the  original  work  of  Brogden  (1959).  In  order  to  derive 
an  equation  for  assessing  the  effect  of  classification  on  expected  job 
performance,  Brogden  imposed  the  following  assumptions: 

(1)  The  number  of  people  to  be  assigned  is  infinite. 

(2)  All  jobs  are  equal  in  size. 

(3)  The  job-specific  predictors  of  performance  are  distributed 
multivariate  normal  with  constant  mean  and  variance  in  the  population 
from  which  the  pool  to  be  assigned  is  selected. 


(4)  Both  the  validities  of  job-specific  predictors  and  their 

intercorrelations  are  equal  (or  can  be  reasonably  approximated  by  their 
means  )  • 

(5)  Performance  is  equally  valuable  (has  equal  utility)  in  all 
jobs* 


Given  these  assumptions,  Brogden  showed  that  the  optimal  assignment 
policy  is  to  place  each  candidate  into  the  job  for  which  he  or  she  has 
the  highest  predicted  performance.  Finally,  given  this  policy,  he 
derived  a  formula  for  calculating  the  "allocation  average"  (P)’for  a 
given  classification  instrument: 

P  =  V  (l-r)l/2  k  (2) 

where  v  is  the  (mean)  predictor  validity 


r  is  the  (mean)  correlation  between  the  predictors 

k  is  the  expected  value  of  the  highest  predictor  score  for 
a  randomly  chosen  individual  from  the  selected  population. 

In  effect,  k  is  the  expected  value  of  the  first-order  statistic  in  a 
sample  of  size  n  from  a  lower- truncat ed  standard  normal  population, 
where  n  is  the  number  of  jobs  or  job  categories.  Note  that  k  will’ 
increase  with  the  number  of  job  categories,  which  increases  the  size  of 
the  sample  from  which  the  order  statistic  is  drawn,  and  decrease  with 
the  selection  ratio,  which  determines  the  degree  of  truncation  of  the 
original  standard  normal  population. 


This  formula,  while  apparently  simple, 
relationship  among  the  three  factors  that 
average.  It  is  easy  to  see  the  effect  of 
given  that  the  other  two  factors  are  held 


describes  a  complex  nonlinear 
determines  the  allocation 
changes  in  any  one  factor, 
constant : 


dP 

dv 

AZ 

dr 


k(l-r)l/2 

5vk( l-r)-l/2 


dP 

dk 


=  v(l-r)l/2 


intercorrelation  of  the  ioh  r>T-oa-f^J  crease  with  increases  m  the 
the  number  of  job  categories  Unforr^*  with  increases  in 

component,  are^oot  of  each  hlr’ 

predictor  battery  lin  tend  ^  <^°’^’^®«Ponding  change  in  the 

predictors,  for  instance  ThP  the  intercorrelation  of  the 

determining  whether  a  given  however,  provide  a  way  of 

yield  an  increase^L\^r:nrcIt?L^a:ra;e1u;rer^^^r 

out  above).  ^  funder  the  assumptions  set 

£oous%rasp“Jta  of  thraasjr'  “t^raturea  have  tended  to 

prohlaa,.  f fthe  Lf  ptf-ff f f  as  opposed  to  the  classification 

optimal  allocation  of  resources  --“eitLl^^^^  concerned  with  the 

production  process,  including  different  ••  cua"fy"i:i:L^''or'th 
force,  or  among  the  actlvltieq  wif-Vn'r.  o«  ^  .  levels  of  the  labor 

to  he  a  competitive  firm)  that  must  compete^? or^thJ se  assumed 

this  literature  has  much  to  contriLt rtr^hf  ^  ^hile 

selection  and  classification  system^  \  Problem  of  evaluating 

::n^i:i^tnLii^:ri?iratronTr:hnr 

Slven  a  Known!  f t  0  “"!!^ tf f  -nsttalnts. 

assignment.  Most  of  the  aonHf.aHt>«  P  yorfs  for  every  permissible 

sol!erL"”fef°p!LfL!l;!  '■arsonnel  assignment  problem  could  be 

Fernandes  (1985  )  applied  llnfr  off”  ’  .  and  Nelson  (1984)  and 

classlflcaf on  problef  Programming  techniques  to  the  military 

inherent  In  thefpf::;  aJfgLe'nfff fafh-^frf'rfhef  = 

Is  that  prafloalirfeaf^!  .*  related  limitation 

parameters  af  deJLf fistic  ‘»'=''nlques  assume  that  all 

available,  hut  impractical  fnr  i  astic  programming  techniques  are 

f Jffporfnf yffi::  fcf fferraff  fafiiFElE” 

combf„afi:r„r:f!i!f::  aiffeffff;  faf:!:!”  ffgfLL"  * 


of  such  simulations  will  represent  ^  compared.  The  results 

performance  that  could  be  obtained  from  .""IT""  level  of  predicted 
to  the  extent  that  assllL^^lt  a  ^  population.  However, 

sclencrilteJaturrhirfocjLron''three‘“rfor"optl''  Tj  "‘f"?*®”®”' 

candidates  who  are  evaluated  sequentiallv  T^  -tc  =.  j 

partormance  can  be  determined  Jharrc.nJi'a.r  ,  "seemed  that  expected 

the  dlstrlbntlon  of  perfor^fnc:  i:!  ^h^  pop'ratl^  Is'J^Kj’nr 

These  assumptions  are  analogous  to  a  u  itially  unknown. 

the  dlatrihntlon  of  -Peci:!" ^^rorL^cr  L"p:p:i“ion'“rrr hf ^ 

but  unpredictable  over  time.  An  "optimal"  rule  ujl  ^^0^  tLt 

or 

saum  ^iLapjr:L^rif-:ti‘o=  pr:bLrr:‘;jtiin\\!f^„p,ax 

decision  rule  even  when  dealing  with  as  few  as  three  assignments! 

j°^''ttnininrbrnhe^niiitn!y.'^''Ennnpitn  or^ 

c  decision  rule  approaches  provide  reasonable  and  flexible 

assignment,  they  will,  in  general,  result  in 
allocations  that  are  markedly  inferior  to  those  that  would  be 
recommended  by  an  optimal  assignment  algorithm. 


III.  APPROACH 

ARI  is  currently  pursuing  an  effort  to  improve  both  the  vallditv  «n,^ 
precision  of  the  information  provided  by  the  Arm  v '  ro!i  l!!/  ^  ^  ^ 

of°Ihe  dl8trIbiMon'‘or"°a-°^  Allocation  System  (EPAS)  uses  forecasts 
algorithm  to  produ^celec^'l^^^allo^'s'^rrguld:  rilTr'  d 

oncurrently,  the  development  of  new  predictor  composites  will  usp  fpa^ 
simulations  as  well  as  more  traditional  tools  to  e^nfuate  TheL 
potential  for  enhancing  productivity. 

A  description  of  EPAS  is  provided  in  Schmitz  and  MeWhite  (1986). 

Figure  1  illustrates  the  basic  structure  of  EPAS.  The  three  ton 
xes  comprise  the  planning  subsystem.  This  portion  of  EPAS  develops 


a  twelve-month  period/  Recruit/Luf openings  over 
Program  to  wait  for  assienmenr  t-r,  >■  enter  the  Delayed  Entry 

assigned  to  trainJL  armuor^/  training.  Individuals  may  be 
subsystem  uses  this  flexibility  In^thl  advance.  The  planning 
synchronize  the  flow  orrecrius  Lto  process  to 

irregularities  in  the  supply  of  qualif iL forecasted 
month  time  horizon.  ^  applicants  over  a  twelve- 

The  second  part  of  the  system  is  the  applicant  classlfiran 
subsystem.  This  component  of  the  svstei,,  i/a!  •  classification 

fact  that  actual  assignments  are  sequential  ^bf/  to  accommodate  the 

used  by  the  applicant  classification  suLystem  is  algorithm 

hy  the  other  services  hut-  -t  7  m  is  similar  to  that  used 

information  --  rser^f  Tu  = 

adjusts  the  sequential  decisions  to  refi  I  Planning  subsystem  that 

demands  and  snppllas.  =  forecasted  variations  In 

The  remainder  of  this  paper  will  t-Ur. 

assess  the  potential  beneflL  nf  procedure  used  to 

entrant  classlflLtlon  system  modification  of  the 

enpected  effects  of  tmpleren?Ing  ^  ne“ ser:rpred  1“^ 

under  both  the  current  assi^ninprn-  o^r  j  predictor  composites 

the  EPAS  to  aid  in  assignment  decisions?  “e  ?liralsrLmn??‘"tr 
predictions  resulting  from  thp  fpac;  o,*  i  compare  the 

applying  Brogden's  approach  for  assess^ng^'tir ^n^^at fo?' :ve^??ge“?"'' 


L^^”^?s°pr"  fd^rL\"l"a?°s\\"? 

pay  and  allowances  over  their  Jl^?? "" 
Of  uE;xr:c:"“-r„n?^ 

P^o-n???prr?irr;it?-  -d?tidra;-?:%c  ’tn^e" : 

L"???'lofra??o“?\honr^7"““"-  /"  -  aPp'o-dma?:  ” 

AFQX  score  of  56.4  among  ^he^e????;  pojnla’t resulted  In  a  mean 

families.  (?h?e?  of  th??e  sn^tl?t?  Prfdlct  performance  In  nine  Job 
score  )  Thp  A  sre  also  used  to  create  the  AF 0 T 

of  .828  in  the  assignment  populat ion^^and^^  average  intercorrelation 

xgiimenc  population,  and  an  average  validity  of  .607. 


The  average  aptitude  area  score  across  all 

recruit  population  was  106.71.  composites  for 


the  1984 


In  addition  to  initial  selec 
Army  also  Imposes  minimum  quali 
composite  associated  with  each 
relatively  low,  they  have  llttl 
ratio  (That  is,  very  few  recrui 
their  AFQT  scores  fail  to  meet 
they  do  have  an  effect  on  job  a 
by  making  some  selected  recruit 
is  most  noticeable  among  recrui 
the  AFQT.  Table  1  provides  the 
across  jobs. 


tion  on  the  basis  of  AFQT  score,  the 
fying  scores  on  the  aptitude  area 
MOS.  Because  these  scores  are 

ts°whn°  overall  selection 

ts  who  would  be  selected  on  the  basis  of 

the  minimum  standard  for  every  MOS.)  but 

population 

S  ineligible  for  some  jobs.  This  effect 

percentile  on 

distribution  of  qualifying  scores 


Design  of  Simulation  Scenar^ 


os 


dovfi:;:d"y  SLrLd'’Gran:n'n937r'’°?J;r' 

higher  validity  (.  627)  and  lo»et  Int er correljt lor ( °824 

current  set  of  nine  com  nn«!  i  ^  o  o  o  i.  .  (,.824  )  than  the 

whether  or  not  <*9tPr«lne  (a) 

new  composites  will  produce  overall  imnr  ercor r elat ion  of  the 

perfor«ance  auf  f  1  r  ,  Jr  r!  !.  I”  eapeoted 


recr„l^p:p„^:tr„r:n"rerfrriyrtrtrcr1lr:t.:nr?rr^es°• 

while  filling  afr^h  rijr^^n^r  Pertoreance 

havnihe  highesrpredicted'^JerfoLanL^^^Specif^” 

ignored.  perrormance.  Specific  job  requirements  are 


tially 


theor^t^carpo^enti^rorjh:  ^ZosTV  "" 

that  potential  obtained  from  dif  f  erent  ^methoL 
assignment"  policy  provides  a  baseline  against 'which 

made.  The  "maximum  placement"  noH.tr  ^S^^nst  which  comparisons  can  be 
"ceiline"  In  =  ^  Policy  provides  a  corresponding 

pep.pj:fnte-tL\^:rd-h^”:h%rLeTfr-:rh^' -i?rior!-^r!  ^ 


is  expected  to  provide  results  similar  to  Brogd 
potential  gains  in  the  allocation  average.  The 
value  will  provide  an  assessment  of  the  level  o 
he  achieved  with  this  population  while  meeting 
^®^^uits  could  he  simultaneously  evaluated 
difference  between  "maximum"  and  "optimal"  plac 
degree  to  which  Brogden's  assumptions  result  in 
potential  gains. 


en ' 

s  estimate  of  the 

"o 

ptimal  assignment 

It 

f  P 

erformance  that  cou 

act 

ual  MOS  demands. 

if 

and 

assigned.  The 

eme 

nt  will  Indicate 
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an 

overestimate  of 

th 

The  fourth  scena 
organizational  prod 
however,  that  this 
to  which  they  are  a 


rio  will 
uct ivity 
scenario 
ssigned . 


provide  an  estimate  of  the  actual  Impact  on 
under  operational  conditions.  Note, 
assumes  that  applicants  will  enter  the  jobs 


Data 


The  population  assigned  in  the  simulations 
5000  recruits  from  1984  Array  accessions.  The 
distribution  of  characteristics; 


was  a  random  sample  of 
sample  had  the  following 


Test  Category  Number 


Percent  Aptitude  Area  Score 


I-IIIA 

3120 

62.4 

113.9 

IIIB 

1393 

27.9 

101. 1 

IV 

487 

9.7 

95.1 

IV*  RESULTS 

The  Current  System 


The  Army' s 
area  score  of 
Table  2  shows 
The  predictor 
standard  devi 


current 
108.47  f 
the  dist 
gain  ove 
at  ions  • 


assignment 
or  the  job 
ribution  of 
r  random  as 


system  produced  an  average  aptitude 
a  recruit  was  actually  assigned. 

aptitude  area  scores  by  job  family, 
signment  was  1.76  points  or  .088 


There  are  several 
random  assignment  po 
dominated  by  concern 
majority  of  emphasis 
penalty  in  terms  of 
productivity  is  paid 
seats.  In  addition, 
enter  and  the  number 
distributional  requi 
entirely  filled  with 
uncertainties  of  a  s 
upon  simply  filling 


reasons  for  this  re 
llcy.  First  of  all, 
s  other  than  maximiz 
is  placed  upon  fill 
wasted  training  reso 
by  the  Army  if  it  f 
the  Army  has  restri 
who  may  enter  many 
rements  for  all  MOS 
minimally  qualified 
equential  placement 
all  job  demands. 


latively  small  increase  over  a 
the  operational  system  is 
ing  job  performance.  The 
ing  requirements.  A  high 
urces  and  lower  organizational 
ails  to  fill  available  training 
ctlons  on  which  MOS  women  may 
occupations,  as  well  as  AFQT 
to  insure  that  no  job  is 
individuals.  Thus,  with  the 
system,  high  weight  is  placed 


Largely 
has  little 


because  of  these  considerations,  classification 
effect  on  decisions  in  the  present  system.  Test 


information 
scores  tend 


to  be  used  primarily  to  assure  that  assignees  meet  minimum  job 
standards.  Given  that  most  candidates  greatly  exceed  most  job 

qualifying  scores,  this  role  does  little  to  maximize  expected  lob 
performance. 


Simulation  Result s 


Table  3  shows  the  estimated  predictor  gains  for  the  four  simulation 
scenarios  described  above.  For  comparison,  the  observed  mean  predictor 
level  under  the  current  system  and  the  estimated  gains  from  the  Brogden 
formula  are  also  provided*  ° 


The  Brogden  estimates  are,  as  expected,  approximately  equal  to  those 
produced  by  the  maximum  placement  policy.  Neither  is  feasible  however 
since  both  violate  the  requirement  of  filling  all  the  training  slots.  ’ 
The  highest  predictor  scores  for  the  assigned  population  that  could 
theoretically  be  achieved  while  filling  all  jobs  are  those  given  by  the 
optimal  assignment  policy*  ^ 


The  results  of  the  operational  assignment  simulation  show  that, 
while  the  average  predictor  score  that  could  be  achieved  in  practice  is 
somewhat  lower  than  that  resulting  from  the  theoretical  scenarios,  the 
expected  gain  over  the  current  system  achieved  by  using  the  new 
composites  under  EPAS  is  5.03.  This  represents  a  gain  nearly  four 
times  the  difference  between  the  current  system  and  a  policy  of  random 
assignment  of  the  recruit  population. 


Table  4  presents  the  expected  changes  in  criterion  scores  for  the 
two  sets  of  composites  under  consideration.  The  theoretical  gains  in 
performance  from  the  two  composites  are  very  close.  For  example  if 
one  used  the  results  from  the  maximum  placement  approach  one  would 
prefer  the  nine  composite  set.  However,  adding  the  constraint  of 

filling  the  Army's  actual  job  distribution  makes  the  six  composite  set 
preferable.  ^ 


The  new  composites  produce  some  gain  in  expected  performance 
largely  due  to  their  higher  validity.  However,  the  improvement ’ becomes 
much  greater  when  the  new  composites  are  implemented  along  with 
improvements  to  the  assignment  system.  The  total  gains  in  predicted 
performance  due  to  both  changes  would  amount  to  .119  standard 
deviations  in  average  predicted  performance. 


V.  ESTIMATING  THE  VALUE  OF  PRODUCTIVITY  GAINS 
Psychological  Model  of  Productivity  Evaluation 

Boudreau  and  Berger  (1985)  have  examined  the  application  of  utility 
analysis  to  organizational  productivity  and  recommended  an  approach 
that  we  will  adapt  here  to  provide  one  estimate  of  the  value  of 
potential  gains.  They  argue  that  the  proper  use  of  estimated  dollar 
values  for  a  standard  deviation  of  performance  requires  that  a  number 
of  factors  other  than  the  estimates  themselves  be  taken  into  account. 
These  Include; 


which  the  performance  will  he 


o  the  average  length  time  over 

provided 

o  compensation  over  that  period 

o  the  discount  rate  . 

o  projected  salary  increases  over  the  relevant  period 

The  time  period  we  will  use  here  is  the  average  length  of  first-term 
service.  Most  soldiers  do  not  serve  beyond  the  initial  term. 
it  is  assumed  that  reenlistment  decisions  are 

basis  of  observed  performance,  not  performance  predicted  at  the  entry 
point . 

The  average  enlistment  term  in  1984  was  3.267  years. 

36  percent  of  recruits  would  he  expected  to  leave  prior  to  completing 
tLirenJLtLnt.  If  we  Assume  that  the  time  served  by  attritees  is 
nonproductive,  the  average  productive  enlistment  is  2.09  years  per 
accession,  or  64  percent  of  the  average  enlistment. 

There  are  many  different  estimates  of  salary  for  military  personnel, 
since  housing  and  subsistence  allowances  are  separate  from  basic  P^y* 
On^  freauLtly  used  measure  of  salary  is  regular  military  compensation 
(EMC)  which  Includes  basic  pay,  basic  allowances  tor  subsistence  and 
cuarUrs!  variable  housing  allowance,  and  the  taw  advantage  that  cones 
Troltll-lTte  allowances.  The  following  figures  for  EMC  and  salary 
progression  were  used! 


.33  years 
.67  years 
1.00  years 
1.27  years 


$11,725 

$13,804 

$14,765 

$16,425 


The  above  rank  progression  would  result  in  an  average  RMC  of  $48,686 
over  the  average  3.267  year  enlistment  term. 

The  discount  rate  and  the  salary  growth  rate  affect  the  present  value 
of  salary.  We  assume  a  discount  rate  of  8.5  percent  and  a  salary  growth 
r.tro?  I  pe^ent.  These  produce  a  net  discount  rate  of  4.5  percent  rs 
jr.  rasuJt?rg  frc;or.  Applying  this  rate  to  the  projected  EMC  strean 
yields  a  discount  multiplier  of  .904. 

The  40  percent  of  salary  used  by  Schmidt  et  al .  (1985)  is  assumed  as 

the  ^l^tlHshiro?  salary^o  SDy.  Conblnlng  all  of  the  above  factors, 
the  estimate  of  the  standard  deviation  in  dollars  can  he  estima 
$48,686  *  .64  *  .904  *  40%  =  $11,267. 

Using  this  procedure,  the  dollar  value  of  the  gains  from  ARI 
improvements  to  the  assignment  system  become: 

$7.3  million  for  implementing  the  new  composites  with  the 
existing  assignment  system. 

$174.3  million  for  implementing  the  new  composites  with  ERAS. 


yjlf  Economic  Opportunity  Cost  of  Productivity  Gains 


A  second 
assignment  f 
system.  The 
performance 
could  also  b 
more  high  qu 
IIIB  and  IV. 
can  be  used 
improved  cla 


approach  to  eva 
ocuses  on  the  ” 
new  composites 
by  the  amounts 
e  achieved  unde 
ality  soldiers 
The  expected 
as  a  measure  of 
ssification  and 


luating  the  benefits  of  improved  MOS 
opportunity  costs"  of  retaining  the  current 
and  assignment  procedure  will  raise 
estimated  above.  This  performance  increase 
r  the  present  system  by  simply  recruiting 
and  fewer  individuals  in  test  categories 
cost  of  recruiting  these  additional  I-IIIAs 
the  value  of  the  performance  gains  from 
assignment . 


The  performance  gains  that  would  result  from  the  introduction  of  the 
SIX  composites  would  require  increasing  the  average  aptitude  area  score 

rLlacinr?.^  "“if"*  increase  could'be  accomplished  ly 

replacing  133  category  IV  recruits  with  category  IIIB  soldiers. 

.  combined  impact  of  making  changes  to  the  composites  alone  with 

introducing  EPAS  would  require  much  larger  increases  in  accession 
quality.  In  order  to  raise  the  average  aptitude  area  score  of  assigned 
soldiers  by  the  required  3.92  points  one  would  need  to  recruit  88  2^ 
percent  category  I-IIIAs  and  the  no  category  IVs .  This  wouC  be  C 
increase  of  25.8  percent  additional  category  I-IIIAs. 


Projected  out  to  an  accession  populati 
mix  changes  become  very  dramatic.  The  pe 
the  new  composites  would  be  equivalent  to 
and  the  gains  from  introducing  new  compos 
33,500  additional  I-IIIAs.  There  are  no 
these  quality  increases  would  cost  to  ach 
recruiting  resources.  However,  one  assum 
would  cost  about  the  same  as  the  average 
$2,350  (from  the  OMA  and  MPA  Cost  Factors 
1984).  This  would  produce  a  cost  equival 
the  value  of  introducing  the  new  composit 


on  of  130,000,  these  quality 
rformance  gains  of  introducing 
recruiting  3,450  more  IIIBs 
Ites  with  EPAS  would  require 
reliable  figures  as  to  what 
ieve  with  additional 
ption  is  that  additional  IIIBs 
recruit  costs —  or  about 
,  Office  of  the  Comptroller 
ent  of  8.1  million  dollars  for 
es  . 


to  »■>  resource,  required 

^  IHAs.  One  recent  estimate  comes  from  the  enlistment 

r  .  ^1986)  estimate  that  it  would  cost 

about  $16,000  for  each  additional  high  quality  recruit  obtained  with 
bonuses.  Using  this  figure,  the  value  of  performance  gains  resulting 
from  EPAS  would  be  valued  at  536  million  dollars.  ® 


VI.  DISCUSSION 

The  analysis  performed  here  has  provided  several  useful  findings 

Iho  Improvements  to  the  assignment  process 

should  be  developed,  and  their  utility  once  implemented. 

The  results  suggest  that  the  use  of  simulation  techniques  as  part  of 
the  process  of  developing  new  predictor  composites  is  promising.^  The 

Ar^v  ir  =  the  population  asMguld  br^he 

Army.  The  general  youth  population  includes  both  many  low  aptitude 


i  t  ude 


3!:°  r""*"  enlistment  standards,  and  high  apt 

youths  mho  do  not  apply.  Simulations  of  assignments  should  he^ 

"htlj^rrifd^r''""'  populations  of  term  ts  ^h^'^ml^ht  he 

btained  in  different  recruiting  environments.  ® 


pe 

o 


techniques.  Such  an  approach  will  aid  In  ^■ho  -f  v  ^  4 

composites.  "  formation  and  choice  of 


ARI's  research  in  classifica 
valuable  to  the  Army  for  several 
demonstrate  that  meaningful  impr 
development  of  new  ASVAB  composi 
criteria.  The  potential  for  inc 
addition  of  new  predictors  other 
Second,  a  system  has  been  develo 
important  research  result.  The 
implementation  are  likely  to  be 
evaluates  it. 


tion  and  ass 
reasons.  F 
ovements  can 
tes,  validat 
reasing  thes 
than  ASVAB 
ped  that  can 
performance 
substantial 


ignment  can  be  very 
irst  of  all,  these  results 
be  obtained  by  careful 
ed  against  more  reliable 
e  gains  through  the 
is  even  more  substantial. 

be  used  to  Implement  this 
gains  from  this 
regardless  of  how  one 
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Table  1.  Requirements  by  Aptitude  Area 


Aptitude  Area 

Number  Assigned 

1  Aptitude  Area 

Number  Assigned 

CO 

1137 

NM 

854 

FA 

237 

NG 

1535 

EL 

588 

NC 

584 

OF 

637 

NE 

680 

SC 

no 

NT 

448 

MM 

639 

NA 

899 

CM 

321 

CL 

510 

ST 

821 

Total 

5000 

5000 

Table  2.  Aptitude  Area  Scores  for  1984  Army  Accessions 


Aptitude  Area 

Clerical/ Administrative  (CL) 
Combat  (CO) 

Electronic  Repair  (EL) 

Field  Artillery  (FA) 

General  Maintenance  (GM) 
Mechanical  Maintenance  (MM) 
Operators /Food  (OF) 

Surveillance/ Communications  (SC) 
Skilled  Technical  (ST) 


Mean  Standard  Deviation 


105.12 

12.67 

108.24 

12.95 

105.77 

13.28 

106.05 

12.76 

106.55 

14.20 

108.18 

12.84 

107.74 

11.77 

107.93 

13.61 

105.21 

13.78 

Mean 


106.71 


13.10 


Table  3.  Predictor  Score  Gains  for  Alternative  Assignment  Policies 


POLICY  PREDICTOR  SCORE 

6  Composite  9  Composite 


Random  Assignment 

106.97 

106.71 

Current  System 

108.37 

108.47 

Optimal  Assignment 

113.73 

113.93 

Maximum  Placement 

114.29 

114.41 

Operational  Assignment 

112.00 

Brogden's  Formula 

114.38 

114.80 

Table  4 


Performance  Gains  for  Selected  Assignment  Policies 


POLICY 

Random  Placement 
Present  System 
Optimal  Assignment 
Maximum  Placement 
Operational  Assignment  (EPAS) 
Erogden  Formula 


PERFOBMANCE  GAINS 
(standard  units) 

6  Composites  9  Composites 


219 

.204 

262* 

.257 

430 

.423 

448 

.452 

376 

451 

.449 
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1.  INTRODUCTION 


The  Enlisted  Personnel  Inventory,  Compensation,  and  Cost  (EPICC)  Model  is 
a  PC-based  analysis  tool  designed  to  aid  Army  personnel  planners  in  assessing 
the  inventory  and  cost  implications  of  changes  in  compensation  and  other 
personnel  policies.  The  prototype  version  of  EPICC  is  being  developed  by  SRA 
Corporation  under  a  research  and  development  effort  sponsored  by  the  U.S.  Army 
Research  Institute  for  the  Behavior  Sciences  (ARI).  This  report  describes  the 
detailed  design  for  the  prototype  model.  It  culminates  the  design  phase  of  the 
effort.’  A  preliminary  working  version  of  EPICC  will  be  available  by  the  Fall 
of  1990. 

In  this  introduction  we  first  describe  the  requirement  for  a  personnel 
policy  analysis  tool  such  as  EPICC  in  Section  1.1.  Section  1.2  provides  an 
overview  of  the  design  of  the  model,  describing  the  capabilities  of  the  model 
in  evaluating  particular  policy  issues.  Section  1.3  lists  the  EPICC  contract 
milestones.  Section  1.4  outlines  the  organization  of  the  remainder  of  the 
report. 


1.1  Requirement  for  EPICC 


Every  day  Army  personnel  planners  must  make  decisions  about  the  many 
policies  required  to  man  the  enlisted  force.  To  help  assess  the  cost  and 
inventory  implications  of  alternative  policies  that  may  be  under  consideration, 
they  use  three  general  types  of  personnel  policy  analysis  tools: 


•  Inventory  projection  models.  As  the  name  suggests,  a 
personnel  inventory  is  the  stock  of  soldiers  at  a  particular 
point  in  time,  arrayed  by  key  characteristics,  such  as  grade 


’This  report  combines  the  milestone  and  design  reports  for  Phases  I  and  II 
of  the  project,  as  described  in  the  Statement  of  Work. 
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or  years  of  service.  Inventory  projection  models  predict  how 
that  stock  will  change  over  time  as  individuals  enter  and 
leave  the  force  under  different  personnel  policy  scenarios. 
An  inventory  model  can  be  used  to  predict  losses,  determine 
accession  requirements,  and  identify  changes  in  the 
composition  of  the  enlisted  force. 

•  Cost  estimation  models.  Any  change  in  personnel  policies  has 
cost  as  well  as  inventory  implications.  Cost  estimation 
models  determine  the  budget  cost  of  a  particular  inventory 
by  applying  appropriate  cost  factors  to  the  stocks  and  flows 
associated  with  the  inventory. 

•  Compensation-retention  models.  Changes  in  military 
compensation  affect  reenlistment  rates,  which  are  the  key 
input  in  assessing  the  year-to-year  losses  from  an  inventory. 
Compensation-retention  models  provide  the  quantitative  link 
between  compensation  policy  changes  and  reenlistment  rates. 


Army  personnel  managers  currently  have  available  a  number  of  different  enlisted 
inventory  models;  they  have  a  cost  estimation  model  in  the  budget  version  of  the 
Army  Manpower  Cost  System  (AMCOS);  and  there  is  a  substantial  body  of  research 
on  the  link  between  military  compensation  and  reenlistment. 


As  a  system  for  supporting  the  analysis  of  personnel  issues,  however,  the 
stock  of  existing  tools  is  deficient  in  several  important  respects.  First, 
existing  inventory,  cost  estimation,  and  compensation-retention  models  are  not 
linked  even  though  the  analysis  of  many  issues  requires  all  three  tools.  For 
example,  in  allocating  the  dollars  available  for  Selective  Reenlistment  Bonuses 
(SRBs),  the  inventory  model  identifies  projected  mismatches  between  personnel 
and  requirements  for  the  next  year.  Compensation-retention  models  show  the 
bonus  increase  needed  to  close  personnel  gaps  in  particular  occupations,  and  the 
cost  estimation  model  calculates  whether  a  given  allocation  of  bonuses  will  be 
within  the  total  SRB  budget.  A  model  integrating  the  three  personnel  analysis 
tools  would  facilitate  the  complete  evaluation  of  policy  alternatives  by 
eliminating  the  often  difficult  task  of  working  with  three  different,  and 
sometimes  inconsistent,  models. 


Second,  many  of  the  existing  models  are  not  easily  accessible  to  analysts. 
The  Army's  primary  inventory  model,  ELIM-COMPLIP,  is  not  designed  to  provide 
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rapid  turnaround  on  inventory  projections,  an  essential  requirement  if  a  variety 
of  policy  options  are  to  be  evaluated  within  the  short  time  frames  usually 
allowed  for  policy  analysis.  In  addition,  existing  compensation-retention 
models  are  found  only  in  the  research  papers  describing  their  development.  The 
econometric  framework  in  which  these  models  are  imbedded  makes  it  difficult  for 
the  typical  analyst  to  apply  the  results  to  particular  problems.  Having  an 
easily  accessible  personnel  analysis  system  would  reduce  the  time  analysts 
currently  have  to  invest  in  building  their  own  analysis  tools. 

Third,  many  of  the  existing  personnel  analysis  tools  have  key 
methodological  limitations  that  restrict  their  usefulness.  Inventory  models, 
for  example,  should  be  disaggregated  both  by  skill  and  soldier  characteristics. 
Skill  disaggregation  is  required  to  analyze  occupation-specific  compensation 
issues  such  as  the  allocation  of  SRBs;  and  disaggregation  by  key  soldier 
characteristics,  such  as  quality,  is  needed  to  understand  how  personnel  policies 
affect  the  composition  of  the  force.  In  addition,  existing  compensation- 
retention  models,  although  quite  sophisticated  from  a  methodological  viewpoint, 
are  restricted  in  their  coverage  of  the  enlisted  force,  having  been  estimated 
for  only  a  handful  of  occupations. 

A  number  of  recent  developments  have  made  it  feasible  to  build  a  personnel 
policy  analysis  system  that  addresses  the  deficiencies  in  the  current  collection 
of  Army  tools.  First,  the  recently  completed  Army  Compensation  Models  Project, 
which  was  sponsored  by  ARI,  developed  and  tested  a  new  generation  of 
compensation-retention  models  using  the  reenlistment  experiences  of  soldiers  who 
enlisted  from  FY  1973  through  FY  1984.  These  models  update  previous  Army 
research  based  on  pre-AVF  enlistments  and  provide  a  solid  methodological  base 
for  constructing  software  that  will  estimate  the  changes  in  reenlistment  rates 
resulting  from  changes  in  a  wide  variety  of  compensation  policies. 


Second,  the  Army  Manpower  Cost  System,  a  microcomputer-based  cost 
estimation  tool  developed  by  ARI  for  use  by  the  Army  Controller  and  the  Cost  and 
Economic  Analysis  Center  (CEAC),  provides  the  underlying  framework  needed  to 


generate  comprehensive  and  accurate  estimates  of  personnel  costs.  AMCOS  offers 
the  analyst  a  great  deal  of  flexibility  in  defining  cost  factors  for  accessions, 
training,  and  force  compensation.  Thus,  cost  estimation  can  be  tailored  to  a 
particular  analysis  rather  than  being  a  simple  extrapolation  of  historical 
costs. 

Third,  recent  developments  in  microcomputer  technology  make  it  feasible 
to  build  an  integrated  personnel  policy  analysis  system  for  the  personal 
computer  that  also  meets  the  analytical  requirements  of  the  analyst.  Modest 
methodological  compromises  are  necessary  to  use  a  standard  AT  microcomputer 
which  is  commonly  available  in  analysis  shops;  even  these  compromises  are  not 
necessary  with  a  more  advanced  computer  platform.  Thus,  the  analyst  can  have 
a  powerful  desktop  tool  to  evaluate  more  policy  options  in  a  shorter  period  of 
time. 


1.2  Overview  of  the  EPICC  Model 

Figure  1.1  shows  the  key  components  of  the  prototype  EPICC  model.  In 
addition  to  the  inventory,  compensation-reenlistment,  and  cost  estimation 
modules  which  contain  the  policy  tools  just  discussed,  the  model  includes  a  user 
interface  which  accepts  the  analyst's  scenario  assumptions  and  provides  results 
in  a  variety  of  formats.  We  outline  the  features  of  each  of  the  modules  in 
turn,  starting  with  the  core  of  EPICC,  the  inventory  projection  module. 


1.2.1  Inventory  Projection  Module 

Using  a  projection  scenario  defined  by  the  analyst,  this  module  "ages"  the 
baseline  enlisted  force,  determines  accessions  and  promotions,  and  calculates 
summary  measures  describing  the  projected  force.  The  design  for  the  inventory 
projection  module  includes  the  following  features: 
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Figure  1.1  -  EPICC  Model  Schematic 


•  Inventories  are  dimensioned  by  both  YOS  and  grade,  providing 
views  of  the  experience  distribution  of  the  force  by  both 
rank  and  time  in  service. 

•  EPICC  will  include  separate  inventories  by  Career  Management 
Field  (CMF).  Within  skills  there  are  subinventories  defined 
by  gender,  race  (white  and  minority),  and  quality.  For  all- 
Army  projections,  quality  is  divided  into  six  groups  (AFQT 
category  I-IIIA,  IIIB,  and  IV  for  high  school  diploma 
graduates  and  others);  for  CMF  projections  there  are  two 
groups  (AFQT  I-IIIA  diploma  graduates  and  all  others).  As 
noted  above,  disaggregating  inventories  allows  skill -specific 
and  force  composition  issues  to  be  addressed  by  the  model. 

•  The  inventory  module  will  produce  transitional  projections 
over  a  nine-year  horizon  (current  year,  two  budget  years,  and 
the  six-year  planning  cycle). 


IX 


•  Inventories  can  be  projected  according  to  an  accession  or 
endstrength  constraint  that  is  set  by  subinventory.  For 
example,  the  model  will  reflect  the  differences  in  how 
accessions  are  determined  for  high  quality  and  other 
soldiers. 

•  A  time-to-ETS  (Expiration  of  Term  of  Service)  distribution 
which  ages  according  to  enlistment  and  reenlistment  term 
assumptions  will  be  used  to  calculate  the  total  continuation 
rates  in  the  model.  As  compared  with  using  a  static  ETS 
distribution,  this  approach  will  capture  the  inventory 
effects  of  policy  changes  affecting  term  lengths. 

•  The  rate  used  to  convert  accessions  into  first-year 
endstrength  will  be  calculated  from  attrition  rates  during 
the  first  year  of  service  and  assumptions  about  the  quarterly 
timing  of  accessions.  This  should  improve  estimates  of  the 
number  of  accessions  required  to  achieve  endstrength  targets. 

•  Soldiers  will  be  promoted  to  fill  vacancies,  which  are 
determined  as  the  difference  between  projected  strengths  and 
requirements  in  a  grade.  This  provides  a  link  between  the 
manpower  and  personnel  worlds  as  changes  in  requirements  will 
affect  promotion  rates.  In  addition  to  changing 
requirements,  the  analyst  can  modify  the  years  of  service 
included  in  the  primary  and  secondary  promotion  zones  and  the 
ratio  of  secondary  to  primary  promotions. 

•  In  addition  to  calculating  nonprior  service  accessions,  the 
inventory  module  accepts  user-supplied  assumptions  about 
prior  service  accessions  and,  in  the  case  of  CMF  projections, 
reclassifications  into  and  out  of  an  occupation. 

•  The  inventory  implications  of  a  number  of  additional 
personnel  policies  can  be  modeled  in  EPICC,  including 

Early  decision  policies  in  which  soldiers 
are  allowed  to  make  reenlistment  decisions 
before  the  ETS  point,  and 

Changes  to  retention  control  points. 

•  The  analyst  will  be  able  to  directly  modify  the  baseline  reenlistment, 
extension,  and  non  ETS  continuation  rates.  This  allows  for  the 
evaluation  of  policies  not  already  programmed  into  the  model. 

These  design  features  are  derived  from  our  two  primary  goals  for  the 
inventory  module  --  projection  accuracy  and  analysis  flexibility.  Our  survey 
of  existing  inventory  models  and  discussions  with  the  analysts  using  them 
suggested  features  that  are  important  in  generating  accurate  projections,  such 
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as  the  procedure  used  to  convert  accession  flows  to  a  first  year  inventory 
stock.*  Analysis  flexibility  is  enhanced  by  allowing  the  user  to  change  as  many 
of  the  assumptions  that  define  a  projection  scenario  as  possible.  We  believe 
that  the  EPICC  inventory  module,  as  designed,  can  be  used  to  address  a  wider 
variety  of  personnel  issues  than  the  inventory  projection  models  currently 
available  for  the  Army  enlisted  force. 


1.1.1  Compensation-Reenlistment  Module 

The  compensation-reenlistment  module  uses  the  analyst's  assumptions  about 
military  compensation  and  macroeconomic  conditions  over  the  projection  period 
to  predict  how  baseline  reenlistment  rates  will  change  in  the  future.  These 
predicted  rates  are  then  used  in  the  inventory  projection  module  to  age  the 
enlisted  force.  The  elements  of  military  compensation  that  can  be  specified  by 
the  EPICC  user  include: 

•  Annual  increases  in  basic  military  pay,  both  force-wide  and 
targeted  to  YOS/grade  groups; 

•  Annual  changes  in  allowances  by  pay  grade,  including  BAQ, 

BAS,  and  VHA; 

•  Annual  SRB  levels  and  the  payment  pattern  by  MOS;  and 

•  Several  options  for  computing  retirement  benefits. 

In  addition  the  analyst  can  specify  annual  changes  for  the  two  macroeconomic 
factors  that  affect  enlisted  retention,  the  level  of  civilian  earnings  and 
unemployment. 

Reenlistment  rates  will  be  adjusted  for  compensation  assumptions  using 
reenlistment  models  developed  in  the  Army  Compensation  Models  Project.  As  part 
of  the  development  of  EPICC,  these  models  will  be  extended  to  all  CMFs.  The 
prototype  for  the  compensation-reenlistment  module  is  the  Army  Reenlistment 


^Appendix  A  describes  the  design  process  for  EPICC,  including  offices 
briefed  and  models  evaluated. 
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Model  (ARM),  which  predicts  reenlistment  rates  for  seven  CMFs  using  assumptions 
similar  to  those  defined  above. 


1.2.3  Cost  Estimation  Module 

The  cost  estimation  module  in  EPICC  will  be  based  on  AMCOS.  Using  the 
AMCOS  data  base  and  policy  modules,  the  analyst  specifies  assumptions  that 
determine  how  cost  factors  for  the  major  cost  elements  are  calculated.  For 
example,  assumptions  about  pay  and  allowance  changes,  in  addition  to  affecting 
reenlistment  rates  and  the  inventories,  will  automatically  adjust  the  cost 
factors  associated  with  annual  compensation.  Thus,  as  in  AMCOS,  the  analyst  can 
tailor  the  cost  factors  to  suit  a  particular  analysis  rather  than  use  historical 
data  that  is  inappropriate. 

The  cost  factors  will  be  applied  against  the  appropriate  flows  and  stocks 
derived  from  the  inventory  projection  module.  For  example,  using  analyst- 
supplied  assumptions  about  the  quarterly  distribution  of  accessions,  promotions, 
and  losses,  the  module  will  calculate  the  manyears  implied  by  the  starting  and 
ending  inventories  and  multiply  these  manyears  by  the  compensation  cost  factors 
to  determine  the  budget  costs  associated  with  military  compensation. 


1.2.4  Operation  of  EPICC 

As  required  in  the  development  contract,  the  prototype  of  the  EPICC  model 
is  designed  to  operate  on  an  AT-style  microcomputer  with  a  standard  640K  of 
random  access  memory  and  a  hard  disk  storage  device.  The  all -Army  version  of 
the  model  will  require  approximately  5  megabytes  of  disk  storage  space  and,  with 
a  math  coprocessor,  will  be  able  to  generate  both  inventory  and  cost  projections 
for  a  particular  scenario  in  an  estimated  15  to  25  minutes.  Run  times  will,  of 
course,  be  faster  on  more  advanced  microcomputers.  The  complete  model  with  CMF 
detail  will  require  approximately  7  megabytes  of  storage. 


Our  design  for  EPICC  incorporates  a  number  of  features  to  make  the  model 
straightforward  to  use,  including; 


•  Menu-based  operation.  The  user  will  operate  the  model 
through  a  system  of  menus,  including  those  for  defining 
scenarios,  choosing  calculation  options,  and  selecting  output 
formats. 

•  Default  scenario  assumptions.  As  a  result  of  the  flexibility 
of  the  model,  there  are  many  assumptions  in  a  projection 
scenario.  The  model  will  be  delivered  with  a  set  of  default 
assumptions  based  on  historical  data.  In  most  applications 
the  analyst  will  only  have  to  change  those  assumptions 
relevant  to  the  issue  being  evaluated. 

•  Scenario  editing.  To  reduce  obvious  input  errors,  the  user 
interface  will  check  assumptions  on  entry  and,  if  necessary, 
prompt  the  analyst  for  a  new  entry. 

•  Automatic  file  management.  Storage  and  retrieval  of  scenario 
definition,  baseline  data,  and  results  files  will  be 
invisible  to  the  user. 

•  On-line  help.  Help  files  accessible  during  program  operation 
will  provide  assistance  to  the  user  of  EPICC.  This  will 
complement  the  written  documentation  that  will  be  provided 
with  the  model . 

In  consultation  with  potential  users,  we  have  decided  that,  rather  than  develop 
an  elaborate  output  system  of  reports  and  graphics  generators  for  the  model, 
results  from  EPICC  will  be  provided  to  the  analyst  in  a  spreadsheet-compatible 
form.  This  gives  the  analyst  the  flexibility  to  perform  additional  calculations 
on  the  results  and  use  whatever  graphics  packages  are  available  in  his  or  her 
office.  It  also  saves  contract  resources  for  more  important  work  on  the 
substantive  portions  of  the  model. 


1.3  Project  Milestones 


Our  approach  to  building  the  EPICC  model  will  be  an  evolutionary  one. 
This  is  similar  to  the  approaches  we  used  for  developing  the  AMCOS  and  the  ARM. 
In  both  these  projects  we  were  successful  in  developing  a  practical  and  user 
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friendly  model.  Based  on  these  successes  we  believe  we  can  deliver  a  practical 
and  user  friendly  EPICC  model  ahead  of  schedule. 

As  we  did  with  AMCOS  and  ARM,  we  have  worked  closely  with  the  Army  Staff 
policy  analysts  (potentially  the  primary  users)  to  tailor  this  model  directly 
to  their  needs.  We  will  develop  a  working  model  by  early  fall  1990  and  use  the 
analysts  real  world  problems  to  validate  the  model.  The  results  of  actual 
personnel  policy  analysis,  then,  will  be  used  to  refine  and  improve  the  model 
to  meet  the  Army's  real  needs.  In  addition  to  making  a  real  contribution  to 
analysis  during  development,  this  method  has  historically  provided  the 
contractor  with  necessary  testing,  while  providing  user  training  prior  to  actual 
delivery  of  the  final  model. 


EPICC  CONTRACT  MILESTONES 


Contract  Milestones 

Delivery  Date 

a. 

Draft  Report  Part  I 

May  90 

b. 

Draft  Report  Part  I  (revised) 

Jun  90 

c. 

Draft  Report  Part  II 

May  90 

d. 

Draft  Report  Part  II  (revised) 

Jun  90 

e. 

Draft  Prototype  Model 

Sep  90 

f. 

Briefing  of  Prototype  to  COR 

Nov  90 

g- 

Draft  Prototype  Model  (revised) 

Dec  90 

h. 

Draft  Final  Technical  Report 

Jan  91 

i . 

Final  Technical  Report 

Mar  91 

j. 

Final  Prototype  Model 

Mar  91 

1.3  Report  Organization 

The  complete  design  for  EPICC  is  described  in  two  volumes.  In  this 
volume,  sections  2,  and  3  present  the  analytical  design  for  two  of  the  three  key 
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components  of  the  model,  the  inventory  projection  module  and  the  compensation- 
reenlistment  module.  In  volume  II,  we  present  the  analytical  design  for  the 
cost  estimation  module.  For  each  module,  we  list  the  input  variables  required 
by  the  module,  including  both  baseline  data  and  user  assumptions,  and  the  output 
variables  generated  by  the  module.  We  also  describe,  at  the  level  of  specific 
equations,  the  calculations  which  convert  the  inputs  to  outputs.  The  analytical 
design  provides  a  detailed  plan  that  can  be  converted  directly  into  computer 
code.  As  any  design  effort  involves  tradeoffs  between  the  capabilities  of  a 
model  and  constraints  imposed  by  analytical  limitations  and  development  costs, 
we  attempt  in  these  sections  to  identify  those  tradeoffs  and  justify  our  design 
choices. 

Volume  II  also  discusses  the  technical  aspects  of  the  design  for  the  EPICC 
prototype,  including  hardware  requirements,  the  user  interface,  and  installation 
procedures.  In  this  section  we  also  present  the  key  elements  of  the  management 
strategy  for  developing  the  model,  such  as  development  milestones. 
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2.  INVENTORY  PROJECTION  MODULE 


The  inventory  projection  module  is  the  core  of  the  Enlisted  Personnel 
Inventory  Cost  and  Compensation  Model.  Using  a  projection  scenario  defined  by 
the  analyst,  the  module  "ages"  the  baseline  enlisted  force,  determines  promotions 
and  accessions,  and  calculates  summary  measures  describing  the  projected  force. 
This  section  describes,  in  detail,  our  proposed  design  for  the  inventory 
projection  module. 

There  are  a  variety  of  approaches  to  building  a  personnel  inventory  model. 
Section  2.1  outlines  the  key  methodological  and  operational  considerations  that 
motivate  our  design.  The  dimensions  of  the  inventory  model  --  how  each  inventory 
is  defined  and  how  the  overall  enlisted  inventory  is  divided  into  subinventories 
--  have  a  significant  effect  on  the  size,  accuracy,  and  the  policy  relevance  of 
the  model.  Therefore,  we  begin  our  description  of  the  design  by  presenting  the 
dimensions  of  the  EPICC  inventory  module  in  Section  2.2.  The  list  of  assumptions 
that  comprise  a  projection  scenario  influence  how  useful  the  inventory  model  is 
for  policy  analysis  because  it  is  these  assumptions  that  can  be  most  easily 
modified  by  users.  Section  2.3  details  the  elements  in  the  projection  scenario 
for  EPICC.  Inventory  models  generate  predictions  of  future  personnel 
inventories;  and,  as  in  any  forecasting  exercise,  the  quality  of  the  prediction 
methodology  plays  an  important  role  in  the  accuracy  of  the  results.  Sections 
2.4  and  2.5  describe  the  EPICC  projection  methodology,  including  an  overview 
of  the  calculations  in  a  typical  year-by-year  projection  and  a  discussion  of  the 
calculation  of  baseline  transition  rates.  Section  2.6  outlines  some  possible 
extensions  to  the  design  proposed  for  the  prototype  inventory  module. 


2.1  Design  Considerations 

Our  primary  objective  in  developing  the  design  for  the  inventory  module 
is  the  accuracy  of  the  resulting  projections.  Given  the  investment  in 
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development  costs,  an  inaccurate  model  is  probably  worse  than  no  model  at  all. 
In  personnel  planning,  projection  errors  arise  from  two  sources  --  poor 
assumptions  about  factors  that  affect  the  inventories,  such  as  the  future  level 
of  military  compensation  or  expected  promotion  policies,  and  ill -conceived  models 
for  projecting  future  inventories  from  those  assumptions.  The  primary  goal  in 
our  design  of  EPICC  is  to  reduce  the  size  of  the  projection  errors  caused  by 
modeling  deficiencies. 

Understanding  the  structure  of  an  inventory  model  is  a  prerequisite  to 
identifying  the  features  that  will  enhance  the  accuracy  of  its  projections.  The 
typical  inventory  model  is  an  application  of  a  Markov  process  in  which  stocks 
of  soldiers  are  moved  through  different  states  based  upon  some  transition  rates. 
For  example,  a  simple  inventory  model  might  dimension  the  states  by  year  of 
service,  1  through  30,  and  projection  year.  If  E;,  is  the  number  of  soldiers  at 
year  of  service  i  in  year  t,  the  expected  number  at  YOS  i+1  one  year  later  is 
given  by 

(^•^)  ^i+i,t+i  ~  ^i,t  ^i,t 

where  C;,  is  the  predicted  continuation  rate  from  year  t  to  t+1,  or  the  proportion 
of  soldiers  in  YOS  i  who  are  still  in  the  Army  one  year  later. 

This  simple  model  can  be  used  in  two  different  ways.  If  the  number  of  new 
recruits  in  year  t+1,  E,,^,,  is  known,  the  total  number  of  soldiers  in  the 
inventory  --  the  endstrength  --  in  year  t+1  can  be  predicted  by  summing  the  E's 
across  year  of  service,  or 


30 

(2.2)  S.,,  =  E,,„  +  I  E,  c, 

i=l 

where  is  the  endstrength.  Alternatively,  an  endstrength  target  can  be 
specified  and  the  number  of  new  recruits  required  to  meet  that  endstrength 
predicted  as 


2-2 


(2.3) 


30 

^1,1+1  ”  ^1+1  ”  Z  ^i.t 
1=2 

where  the  continuing  force,  soldiers  in  YOS  2  and  greater,  is  given  by  the 
summation  term. 

These  equations  show  that  the  accession,  inventory,  and  endstrength 
predictions  of  an  inventory  model  all  depend  crucially  on  the  accuracy  of  the 
predicted  continuation  rates,  the  c's.  Our  design  for  EPICC  includes  the 
following  features  to  improve  the  predictions  of  continuation  rates:  a  time-to- 
ETS  distribution  that  is  projected  along  with  the  inventories;  adjustments  to 
the  baseline  continuation  rates  for  changes  in  military  compensation, 
macroeconomic  factors,  and  reenlistment  management  policies;  inventories 
disaggregated  by  soldier  characteristics,  such  as  accession  quality;  special 
modeling  of  first-year  attrition;  and  a  systematic  methodology  for  calculating 
baseline  continuation  rates.  We  discuss  each  feature  in  turn. 

Projected  Time-to-ETS  Distribution.  Because  of  the  difference  between 
continuation  rates  for  soldiers  at  an  Expiration  of  Term  of  Service  (ETS)  point 
and  for  those  not  at  ETS,  the  largest  single  factor  affecting  the  average 
continuation  rate  for  enlisted  personnel  at  a  given  year  of  service  is  the 
proportion  of  those  soldiers  facing  a  reenlistment  decision.  The  EPICC  inventory 
module  will  employ  user-supplied  assumptions  about  term  lengths  to  project  how 
the  baseline  ETS  distribution  will  change  as  recruits  enter  the  inventory  and 
soldiers  make  reenlistment/extension  decisions.  Existing  Army  inventory  models 
use  a  static  ETS  distribution  which  will  not  capture  the  effects  of  changing 
average  term  lengths  on  continuation  rates. 

Adjusted  Baseline  Continuation  Rates.  Continuation  rates  are  affected  by 
changes  in  military  compensation;  in  macroeconomic  factors,  such  as  unemployment; 
and  in  reenlistment  management  policies,  such  as  the  rules  determining 
reenlistment  eligibility.  The  EPICC  user,  by  altering  the  projection  scenario, 
will  be  able  to  adjust  the  continuation  rates  for  anticipated  changes  in  these 
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factors.  None  of  the  formal  inventory  models  used  by  the  Army  offer  this 
capability,  although  spreadsheet  models  constructed  by  personnel  analysts  often 
incorporate  a  simple  compensation-retention  link  to  aid  in  assessing  the  effects 
of  pay  and  benefits  changes. 

Disaggregated  Inventories.  Retention  research  has  demonstrated  that  both 
ETS  and  nonETS  continuation  rates  vary  significantly  with  soldier 
characteristics.  To  the  extent  that  the  composition  of  the  enlisted  force 
changes  over  the  projection  period,  using  continuation  rates  averaged  across  the 
initial  force  composition  will  generate  inaccurate  predictions.  However,  if 
the  model  is  disaggregated  so  that  the  shift  in  composition  occurs  across 
subinventories,  the  projection  for  the  total  force  will  reflect  the  changing 
average  continuation  rates.  This  is  the  approach  embodied  in  the  design  of 
EPICC. 


First-Year  Attrition  Modeling.  Given  the  pyramid  structure  of  the  Army's 
enlisted  force,  the  inventory  in  the  first  year  of  service  is  typically  the 
largest.  The  estimate  of  the  first-year  inventory  depends  critically  on  the 
attrition  rate  between  the  accession  point  and  the  end  of  a  fiscal  year.  This 
attrition  rate  depends,  in  turn,  on  the  timing  of  accessions  during  a  fiscal  year 
and  the  distribution  of  accessions  across  subinventories.  Both  factors  are 
considered  in  calculating  the  first-year  attrition  rate  in  EPICC. 

Baseline  Rate  Methodology.  To  the  extent  that  inventories  are  both 
disaggregated  by  soldier  characteristics  and  also  detailed  in  their  dimensions, 
baseline  continuation  rates  must  be  calculated  using  small  numbers  of  soldiers. 
This  increases  the  variance  of  the  estimated  rates.  We  have  developed  a 
systematic  procedure  for  dealing  with  this  potential  problem. 

The  EPICC  design  process  also  considered  the  usefulness  of  the  resulting 
model  as  a  policy  analysis  tool.  The  usefulness  of  an  inventory  model  in 
evaluating  personnel  policies  depends  on  a  variety  of  factors,  including 

•  Projection  scenario  assumptions.  The  breadth  and  detail  of  the 
assumptions  comprising  a  projection  scenario  determine,  in  part. 
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the  range  of  policy  options  that  can  be  easily  evaluated  with 
an  inventory  model. 

•  Projection  results.  In  addition  to  the  basic  inventories,  other 
results,  such  as  reenlistments  and  promotion  rates,  are  required 
for  assessing  policy  alternatives. 

•  Convenience  in  operation.  One  of  the  problems  with  most  of  the 
existing  Army  personnel  planning  models  is  the  time  it  takes  to 
specify  a  projection  scenario  and  obtain  results.  In  a  fast- 
paced  analysis  environment,  this  necessarily  limits  the  quality 
of  the  analyses  that  can  be  done. 


In  our  design  of  the  EPICC  model,  we  have  incorporated  most  of  the  projection 
assumptions  and  results  suggested  to  us  during  our  design  briefings  while 
keeping  the  model  microcomputer-based  for  ease  of  use.  The  specific  features 
of  the  EPICC  inventory  module  are  described  in  the  next  four  sections.  We 
start  with  a  description  of  the  basic  dimensions  of  the  enlisted  inventories. 


2.2  Inventory  Dimensions 

Each  inventory  in  EPICC  will  be  dimensioned  by  grade  (9  columns  --  El/2, 
E3,  E4,  E5,  E6,  E7,  E8,  E9,  and  a  total)  and  years  of  service  (31  rows  --  YOS 
0-1  through  YOS  29-30+  and  a  total).  Year  of  service  and  grade  are  the  central 
characteristics  of  military  personnel  inventories,  related  to  both  the 
productivity  and  costs  of  a  particular  force.  As  most  of  the  existing  inventory 
models  used  by  the  Army  are  dimensioned  by  either  grade  or  YOS  alone,  EPICC 
will,  by  including  both  dimensions,  present  a  more  detailed  picture  of  the 
enlisted  force  than  is  currently  available. 

The  inventories  in  EPICC  will  be  defined  by  a  combination  of  military 
occupation  and  soldier  demographic/quality  characteristics.  An  ideal  model 
would  define  occupations  at  the  MOS  level  and  disaggregate  each  MOS  by  a  wide 
variety  of  soldier  characteristics.  This  could  easily  produce  over  8000 
separate  inventories,  which  would  overwhelm  the  capabilities  of  existing 
microcomputers.  To  keep  the  accessibility  which  comes  from  basing  the  model  on 
a  microcomputer  platform,  we  propose  limiting  the  occupational  dimension  of  the 
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prototype  in  two  ways.  First,  occupations  will  be  defined  at  the  Career 
Management  Field  (CMF)  rather  than  the  MOS  level.  This  level  of  disaggregation 
is  sufficient  for  many  personnel  planning  uses. 

Second,  all -Army  projections  will  be  generated  from  all -Army  inventories 
and  continuation  rates  rather  than  by  aggregating  projections  for  individual 
CMFs.  This  allows  the  EPICC  model  to  operate  on  an  occupation-by-occupation 
level,  where  the  occupations  are  CMFs  or  an  all -Army  grouping.  As  part  of  the 
definition  of  a  scenario,  the  analyst  will  choose  an  occupation  for  which 
inventories  and  costs  should  be  projected.  Although  there  are  some 
methodological  advantages  to  generating  all -Army  results  by  summing  the  CMF 
projections,  these  advantages  are  clearly  outweighed  by  the  operational 
disadvantages  at  this  stage  in  the  development  of  EPICC.  All-Army  projections  - 
-  probably  the  most  frequent  use  of  the  model  --  would  simply  take  too  long  on 
a  standard-configuration  microcomputer  if  they  were  accumulated  from  the 
projections  for  35  CMFs.  The  current  design  allows  migration  to  a  model  in 
which  inventories  are  defined  at  the  MOS  level  and  all -Army  projections 
generated  from  the  occupation  detail,  but  there  are  significant  computational 
and  analytical  challenges  in  building  this  model.’ 

Within  each  occupation  (CMF  or  all -Army),  EPICC  will  project  the  enlisted 
force  by  summing  the  projections  for  subinventories,  a  mutually  exclusive  and 
exhaustive  set  of  inventories  defined  by  soldier  demographic  and  quality 
characteristics.  There  are  two  reasons  for  accumulating  the  total  inventory 
within  an  occupation  from  subinventories  rather  than  directly  projecting  the 
total  force.  First,  Army  decision  makers  are  often  as  interested  in  the 
composition  of  the  force  across  these  characteristics  as  in  the  total  numbers. 
For  example,  given  the  focus  on  the  quality  content  of  the  enlisted  force,  it 
is  important  to  assess  the  effects  of  alternative  compensation  policies  on  high 
quality  soldiers  separately  from  others.  Second,  starting  with  disaggregated 
projections  will,  as  we  have  noted,  generally  provide  a  more  accurate  projection 
of  the  total  force. 


’We  discuss  the  advantages  of  this  model  and  the  problems  in  implementing 
it  in  Section  2.6. 
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The  subinventories  for  EPICC  will  be  defined  by  the  interaction  of  the 
following  characteristics: 


•  Race.  Because  of  the  significant  differences  in  continuation 
rates  between  white  and  minority  soldiers,  we  will  distinguish 
subinventories  by  these  two  racial  groups. 

•  Gender.  Given  the  limitations  on  occupations  open  to  women,  it 
is  important  to  include  gender  in  the  definition  of  the 
subinventories  so  that  these  restrictions  can  be  reflected  in 
inventory  projections. 

•  Quality.  The  quality  composition  of  the  enlisted  force  is  of 
continuing  policy  interest.  The  EPICC  subinventories  for  all- 
Army  projections  will  have  six  quality  categories  defined  by  the 
interaction  of  AFQT  (Category  I-IIIA,  IIIB,  IV)  and  high  school 
graduation  status  (diploma  graduates,  others).  For  the  CMF 
projections,  we  will  collapse  the  quality  categories  into  high 
quality  (Category  I-IIIA  and  diploma  graduate)  and  other.® 


To  provide  the  correct  roll-up  to  the  total  force,  an  additional  subinventory 
including  all  soldiers  for  whom  data  on  one  or  more  of  the  above  characteristics 
is  missing  will  also  be  included.  In  total,  then,  there  will  be  25 
subinventories  (2  x  2  x  6  +  1)  for  all-Army  projections  in  EPICC  and  9 
subinventories  (2  x  2  x  2  +  1)  for  CMF  projections. 


EPICC  will  generate  transitional  or  year-by-year  inventories  for  a  total 
of  9  projection  years,  the  current  year,  two  budget  years  and  a  six-year 
planning  (POM)  cycle.  The  model  will  accept  separate  scenarios  for  each  of  the 
projection  years  so  that  the  effects  of  a  series  of  basic  pay  raises,  for 
example,  can  be  evaluated.  In  the  next  section  we  discuss  the  elements  that 
define  a  projection  scenario. 


®In  our  conversations  with  potential  users,  we  found  that  a  finer  quality 
disaggregation  was  not  often  needed  at  the  CMF  level.  Reducing  the  quality 
categories  from  six  to  two  reduces  the  data  storage  requirements  for  EPICC  by 
approximately  two-thirds. 
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2.3  Projection  Scenario 


The  collection  of  assumptions  an  analyst  can  modify  in  generating 
inventory  projections  defines  the  projection  scenario.  The  major  elements  of 
the  projection  scenario  in  EPICC  include: 

•  Occupation,  a  particular  CMF  or  all -Army; 

•  Military  compensation  assumptions,  such  as  basic  pay  raises  and 
Selective  Reenlistment  Bonus  (SRB)  multipliers; 

•  Macroeconomic  factors,  including  unemployment  rates  and  the 
growth  rate  in  civilian  earnings; 

•  Strength  constraints  on  the  inventory,  such  as  endstrengths  and 
accession  targets; 

•  Parameters  to  define  the  promotion  algorithm; 

•  Other  personnel  policies,  such  as  the  level  of  prior  service 
accessions  and  retention  control  points;  and 

•  Assumptions  about  the  timing  of  accessions,  promotions,  and 
losses. 

The  occupation  choice  has  already  been  described.  The  military  compensation  and 
macroeconomic  assumptions  are  used  in  the  compensation-reenlistment  module  to 
calculate  factors  that  adjust  reenlistment  rates  for  the  effects  of  changes  in 
relative  military-civilian  pay.  We  detail  this  part  of  the  projection  scenario 
in  Section  3,  where  that  module  is  discussed.  We  describe  the  remaining 
elements  of  the  scenario  in  order.® 


2.3.1  Strength  Constraints 

As  described  above,  an  inventory  model  can  be  used  to  determine 
endstrength,  given  accessions,  or  to  determine  the  accessions  required  to  meet 


^Additional  assumptions  define  how  inventory  costs  are  estimated.  As  these 
do  not  affect  the  inventory  projections,  discussion  of  them  is  deferred  until 
Section  4. 
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a  particular  endstrength.  In  practice,  Army  planners  often  use  a  combination 
of  these  strength  constraints  in  modeling  future  inventories.  For  example, 
high  quality  subinventories  can  be  considered  accession-constrained  because  of 
the  limits  on  accessions  imposed  by  recruiting  resources.  In  contrast, 
accessions  into  other  subinventories  are  determined  by  the  endstrength  remaining 
after  the  high  quality  soldiers  are  accessed  and,  therefore,  can  be  called 
endstrength-constrained. 

The  analyst  will  have  a  great  deal  of  flexibility  in  specifying  strength 
constraints  in  EPICC.  First,  each  subinventory  is  designated  as  accession-or 
endstrength-constrained.  If  the  former,  the  analyst  also  specifies  the  expected 
number  of  accessions  by  projection  year.  For  the  latter,  he  has  two  options: 

•  Specify  an  endstrength  for  that  particular  subinventory  in  each 
projection  year,  or 

•  Specify  the  proportion  of  unconstrained  accessions  going  into 
the  subinventory.  If  this  option  is  used  for  any  subinventory, 
an  overall  endstrength  must  also  be  specified  by  projection 
year. 

To  calculate  a  projection,  the  strength  constraints  must  satisfy  a  set  of 
conditions,  such  as  having  one  type  of  constraint  specified  for  each 
subinventory The  model  will  verify  that  an  analyst's  assumptions  meets  these 
requirements  as  he  inputs  them. 


2.3.2  Promotion  Parameters 

EPICC  will  include  a  vacancy-driven  algorithm  for  determining  promotions. 
Starting  with  E9,  promotions  in  each  grade  are  determined  in  a  three-step 
process. 


^Section  2.4.2  discusses  the  role  of  the  strength  constraints  in  more 
detail . 
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•  First,  the  available  E9  slots  are  determined  by  multiplying  the 
desired  proportion  of  E9's,  which  is  specified  by  the  analyst, 
times  the  endstrength  for  a  particular  year.® 

•  Second,  vacancies  are  calculated  as  the  difference  between  the 
number  of  E9  slots  and  the  continuing  E9  inventory,  which  is  the 
number  of  E9's  in  the  year-end  inventory  if  there  were  no 
promotions. 

•  Third,  enough  soldiers  are  promoted  from  the  secondary  and 
primary  zones  to  fill  all  the  vacancies,  if  that  is  feasible 
given  the  inventories  in  the  promotion  zones.  The  analyst  can 
modify  the  definitions  of  the  promotion  zones  and  set  the  ratio 
of  secondary  to  primary  zone  promotions.  Within  a  zone,  all 
soldiers  are  promoted  at  the  same  rate.® 


Promotions  to  E9  are  subtracted  from  the  E8  inventory,  and  this  process  is 
repeated  for  E8  promotions  and  the  remaining  grades. 

In  addition  to  providing  a  reasonable  characterization  of  the  promotion 
process  for  projecting  the  grade  dimension  of  inventories,  it  is  through  the 
promotion  algorithm  that  manpower  requirements  enter  EPICC.  The  effect  of 
changing  requirements  on  promotion  opportunities,  for  example,  can  be  evaluated 
by  suitably  modifying  the  desired  grade  distribution  and  observing  the  resulting 
change  in  promotion  rates.  In  addition,  the  model  will  identify  a  faces-spaces 
mismatch  resulting  from  a  given  set  of  personnel  policies  by  calculating  manning 
rates,  the  inventory  in  a  particular  grade  divided  by  the  available  slots. 


There  is  a  conceptual  link  between  the  promotion  rates  determined  in  the 
inventory  projection  module  and  the  military  compensation  assumptions  used  in 
the  compensation-reenlistment  module.  To  the  extent  that  major  changes  in 
promotion  rates  occur,  the  relative  military  compensation  that  can  be  expected 
by  soldiers  making  reenlistment  decisions  will  change,  with  a  resulting  impact 
on  reenlistment  rates.  Making  this  link  automatically  in  the  model  would 


®An  override  will  limit  the  available  slots  in  the  senior  grades  to  the 
Congressional ly-mandated  maximums.  These  maximums  can  be  modified  by  the  user. 

®In  the  prototype,  soldiers  will  be  promoted  at  the  same  rate  across 
subinventories,  although  this  can  be  modified  in  future  versions  to  reflect 
historical  differences  in  promotion  rates  across  demographic  and  quality  groups. 
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significantly  increase  the  time  it  takes  to  generate  a  projection  and, 
therefore,  we  will  not  do  so  in  this  version  of  EPICC/ 


2.3.3  Other  Personnel  Policies 

The  inventory  projection  module  will  allow  the  analyst  to  evaluate  the 
effects  of  five  additional  personnel  policies  --  changing  lateral  accessions 
and  losses  to  the  inventory,  changing  reenlistment  management  policies, 
modifying  retention  control  points,  changing  the  distribution  of  initial  and 
reenlistment  terms  of  service,  and  early  decision  policies. 

Lateral  Accessions  and  Losses.  In  addition  to  new  recruits,  the  Army 
accesses  individuals  with  various  years  of  prior  service.  In  the  all-Army 
model,  the  analyst  will  be  able  to  specify  the  total  number  of  these  prior 
service  accessions  for  each  projection  year.  This  accession  inventory  will  be 
distributed  across  YOS  and  subinventory  according  to  proportions  that  can  also 
be  modified  by  the  user.  In  the  CMF  models,  there  are  also  "lateral  accessions" 
and  "losses"  as  soldiers  reclassify  into  and  out  of  other  CMFs.  Thus,  in  these 
models,  the  analyst  can  specify  the  total  losses  as  well  as  the  total  accessions 
by  projection  year. 

Reenlistment  Management  Policies.  The  Army  can  affect  reenlistments  and 
extensions  by  changing  the  way  the  reenlistment  process  is  managed.  For 
example,  increased  emphasis  on  retaining  high  quality  soldiers  could  result  in 
more  bars  to  reenlistment  through  the  Quality  Management  Program  for  soldiers 
in  certain  subinventories.  Because  of  the  wide  variety  of  policy  changes  that 
could  be  implemented,  it  is  difficult  to  program  options  for  all  these 
management  policies  in  an  inventory  model.  As  an  alternative,  the  EPICC 
inventory  projection  module  will  allow  the  analyst  to  directly  inflate  or 
deflate  the  rates  for  reenlistments  and  extensions,  by  subinventory,  YOS,  and 
projection  year,  to  reflect  the  anticipated  effects  of  policy  changes. 


^See  Section  2.6  for  a  description  of  the  solution  methodology  with  the 
promotion  rate  linkage. 
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Therefore,  with  some  side  analysis  the  force  structure  and  cost  effects  of 
reenlistment  management  policies  can  be  evaluated.® 

Retention  Control  Points.  Soldiers  may  be  denied  reenlistment  if  they 
have  not  reached  a  minimum  grade  given  their  years  of  service.  The  analyst  will 
be  able  to  modify  the  control  points  used  in  EPICC  to  assess  the  change  in  the 
number  and  composition  of  the  losses  that  would  result. 

Terms  of  Service.  An  important  feature  of  our  design  for  the  inventory 
model  is  projecting  the  time-to-ETS  distribution  along  with  the  inventories. 
Changes  in  the  distribution  of  accessions  across  different  initial  term  lengths 
and  changes  in  reenlistment  terms  will  affect  the  time-to-ETS  distribution. 
Therefore,  the  inventory  projection  module  will  allow  the  analyst  to  change  both 
of  the  assumed  distributions  by  projection  year.  The  first  term  distribution 
will  include  term  lengths  from  two  to  six  years.  Because  two  year  terms  have 
historically  only  been  offered  to  high  quality  soldiers,  separate  initial  term 
distributions  for  high  quality  and  other  soldiers  can  be  specified.  The 
distribution  of  reenlistment  term  lengths  will  include  values  from  three  to  six 
years. 


The  average  extension  length  also  affects  the  time-to-ETS  distribution. 
As  the  EPICC  is  an  annual  model,  there  will  be  only  two  categories  in  the 
extension-length  distribution  --  one  year  and  two  years.  Like  the  term  length 
distributions,  these  can  be  specified  by  projection  year. 


Early  Decision  Policies.  These  policies,  which  require  soldiers  to  make 
a  reenlistment  decision  before  their  ETS  date,  can  be  evaluated  with  EPICC  using 
the  time-to-ETS  distribution.®  A  user  can  specify  that  soldiers  at  given  years 


®To  increase  the  flexibility  of  the  model,  the  EPICC  user  will  also  be  able 
to  inflate  or  deflate  the  nonETS  continuation  rates,  separately  by  subinventory, 
YOS,  and  projection  year.  Thus,  all  continuation  rates  in  the  model  can  be 
easily  adjusted  by  the  user. 

®Early  decision  policies,  as  defined  here,  differ  from  early  reenlistments 
in  that  soldiers  must  opt  to  reenlist  or  leave  before  their  ETS.  Thus,  an  early 
decision  policy  is  a  way  of  reducing  endstrength. 
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of  service  are  eligible  for  reenl istment  even  though  their  ETS  date  occurs  one 
or  two  years  --  the  early  decision  window  is  also  user-specified  --  after  the 
projection  year.  If  an  early  decision  policy  is  in  effect,  the  model  will  apply 
reenlistment  rather  than  nonETS  continuation  rates  to  soldiers  in  the  early 
decision  window. 


2.3.4  Timing  of  Accessions,  Losses,  and  Promotions 

There  are  at  least  two  reasons  to  be  concerned  about  the  timing  of 
personnel  flows  between  the  year-end  inventories  that  will  be  projected  by 
EPICC.  First,  the  rate  at  which  accessions  are  translated  into  the  YOS  0-1 
inventory  and,  therefore,  the  endstrength  depends  on  when  those  accessions 
occurred  during  the  fiscal  year.  One  hundred  accessions  will  result  in  a  higher 
stock  of  soldiers  in  the  YOS  0-1  category  if  they  accessed  at  the  end  of  the 
year  rather  than  the  beginning.  In  the  inventory  module,  quarterly  attrition 
rates  over  the  first  year  of  service  will  be  weighted  by  the  quarterly 
distribution  of  nonprior  service  accessions  to  determine  the  rate  at  which  the 
accession  flow  is  translated  into  the  YOS  0-1  stock.  The  EPICC  user  will  be 
able  to  set  the  timing  of  nonprior  service  accessions  by  projection  year. 

Given  the  begin-year  and  end-year  inventories,  the  timing  of  promotions, 
losses,  and  accessions  also  determines  the  actual  number  of  manyears  available 
during  the  intervening  year  at  any  grade  and  YOS  combination.  As  compensation 
costs  are  a  function  of  manyears,  differences  in  the  timing  of  personnel  flows 
will  affect  the  cost  of  a  particular  inventory.  To  improve  the  precision  with 
which  costs  are  predicted  in  EPICC,  the  inventory  module  will  estimate  the  end- 
of-the-quarter  inventories  by  distributing  the  annual  accession,  promotion,  and 
loss  flows  across  quarters.’®  Therefore,  in  addition  to  specifying  the  timing 
of  accessions,  an  analyst  will  be  able  to  set  the  quarterly  distribution  of 
promotions  and  losses  by  projection  year. 


’“The  methodology  for  doing  this  is  described  in  Section  4. 
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Scenario  Assumption 

Specified  By 

• 

Compensat ion/macroeconomic  scenario 

(See  Section  3,0) 

• 

Occupation  (particular  CMF  or  all- 
Army) 

Scenario 

• 

Strength  constraints 

-  Endstrengths 

Projection  year,  subinventory 

-  Accession  proportions 

Projection  year,  subinventory 

-  Accession  numbers 

Projection  year,  subinventory 

• 

Promotion  parameters 

~  Required  grade  distribution 

Projection  year 

-  Primary/secondary  zones 

Grade 

-  Ratio  of  secondary  to  primary  zone 
promotions 

Grade 

• 

Lateral  accessions/losses 

-  Number 

Projection  year 

>  YOS  distribution 

Scenario 

-  Subinventory  distribution 

Scenario 

• 

Rate  adjustments 

“  Reenlistment 

-  Extension 

-  NonETS  continuation 

YOS,  projection  year,  sub¬ 
inventory 

• 

Retention  Control  Points 

YOS 

• 

Distribution  of  term  lengths 

Projection  year 

-  First 

Reenlistment 
”  Extension  length 

High  quality/other 

• 

Quarterly  timing  of  accessions, 
promotions,  losses 

Projection  year 

• 

Early  decision  policies 

YOS,  time-to-ETS,  projection 
year 

Figure  2.1:  Inventory  Projection  Scenario 


Figure  2.1  summarizes  the  projection  scenario  assumptions  that  we  have 
discussed  in  this  section.  These  assumptions,  plus  the  compensation  and 
macroeconomic  assumptions  presented  in  Section  3,  constitute  the  inventory 
projection  scenario  required  for  one  occupation.  Because  there  are  many  factors 
that  affect  the  characteristics  of  future  inventories,  a  flexible  tool  for 
projecting  those  inventories  will,  by  necessity,  need  a  large  amount  of  user 
input.  In  typical  policy  applications,  however,  the  EPICC  user  can  rely  on 
default  values  for  most  assumptions,  only  changing  those  parameters  related  to 
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the  policy  issue  being  studied.  The  default  assumptions  supplied  with  the  model 
will  be  derived  from  actual  data  for  the  baseline  year. 

2.4  Projection  Methodology 

Figure  2.2  provides  an  overview  of  the  methodology  for  generating  a  nine- 
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Figure  2.2:  Calculating  Transitional  Projections 
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year  transitional  inventory  projection  for  a  single  CMF  or  the  all -Army  model. 
Four  major  steps  are  required  to  estimate  the  inventory  for  each  projection  year. 
Starting  from  the  previous  year  subinventories  for  the  occupation,  the  continuing 
force  is  determined  first.  Second,  nonprior  service  and  other  accessions  are 
calculated  and  added  to  the  inventories.  With  the  flows  of  personnel  into  and 
out  of  the  inventory  determined,  the  time-to-ETS  distribution  can  be  updated. 
Fourth,  the  inventory  is  promoted  according  to  the  promotion  parameters  specified 
by  the  analyst.  These  steps  are  repeated  for  each  projection  year.  Our 
discussion  of  the  transitional  projection  methodology  is  organized  around  these 
four  major  steps. 


2.4.1  Determine  the  Continuing  Force 

To  determine  the  continuing  force,  the  inventory  module  requires  five 
personnel  flows:  ETS  reenlistments;  reenlistments  before  ETS;  extensions;  nonETS 
continuations;  and,  for  a  CMF  projection,  reclassifications  out  of  the 
occupation.  With  the  exception  of  reclassifications,  which  are  specified 
directly  by  the  user,  these  flows  are  estimated  using  the  previous  year's 
inventories  and  time-to-ETS  distributions,  baseline  transition  rates,  and  the 
assumptions  specified  in  the  projection  scenario.  We  detail  the  estimation 
procedure  for  each  personnel  flow  in  turn. 

ETS  Reenlistments.  In  the  context  of  EPICC,  ETS  reenlistments  are  defined 
as  those  occurring  among  soldiers  who  have  an  ETS  date  during  the  projection 
year.  The  equation  for  ETS  reenlistments  in  YOS  i,  subinventory  k,  and 
projection  year  t,  R,,^,  is 

(2.4)  R,  =  E,,„.,  [  (1-U„)  (C  +  AW.  +  AWJ]  (r.  6,, 
where 

Ei^,.i  is  the  previous  year's  inventory; 
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Uj,  is  the  proportion  of  the  inventory  subject  to 
retention  control  points;" 

d®,  d’,  and  d®  are  the  proportions  of  the  inventory  with 
an  ETS  date  in  current  year,  the  next  year,  and  the  one 
after  that; 

^/and  /Si^are  dichotomous  variables  equal  to  1  if  an  early 
decision  policy  is  in  effect  for  soldiers  in  YOS  i  with 
future  ETS  dates; 

r|^  are  baseline  reenlistment  rates  defined  by  YOS  and 
subinventory; 

is  a  reenlistment  rate  adjustment  factor  determined 
by  compensation  and  macroeconomic  assumptions;  and 

4J,  is  a  reenlistment  rate  adjustment  factor  used  by  the 
analyst  to  model  changes  in  reenlistment  management 
policies. 

Equation  2.4  specifies  that  reenlistments  are  the  product  of  three  major  factors 
--  the  number  of  soldiers  in  the  inventory  at  the  end  of  the  previous  year,  the 
proportion  of  those  soldiers  facing  a  reenlistment  decision  in  the  projection 
year,  and  the  predicted  reenlistment  rate  for  that  year. 

The  number  of  soldiers  in  the  previous  year's  inventory  comes  from 
historical  baseline  data  for  the  first  projection  year  and  from  preceding 
iterations  of  the  model  for  the  remaining  projection  years. 

The  proportion  facing  a  reenlistment  decision  is  derived  from  baseline 
(projection  year  1)  or  projected  (remaining  years)  time-to-ETS  distributions. 
The  time-to-ETS  distribution  describes,  for  each  subinventory,  the  proportion 
of  soldiers  at  each  YOS  who  have  ETS  date  in  the  current  projection  year,  the 
next  year,  and  so  on.  The  proportion  facing  an  ETS  reenlistment  decision 
includes  soldiers  with  an  ETS  date  in  the  current  year  plus  those  with  ETS  dates 
in  future  years,  if  early  decision  policies  are  in  effect.  This  figure  is 


"This  is  determined  by  applying  the  analyst-supplied  control  points  against 
the  previous  year's  inventory,  aged  one  year  of  service. 
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reduced  by  the  fraction  of  soldiers  who  will  be  denied  reenlistment  because  of 
retention  control  points. 

The  adjusted  reenlistment  rate  is  the  product  of  baseline  reenlistment 
rates  for  YOS  i  in  subinventory  k  and  adjustment  factors  for  changes  in  relative 
military  compensation  and  reenlistment  management  policies.  In  Section  2.5  we 
discuss  the  derivation  of  the  baseline  rates.  The  compensation  adjustment 
factor,  the  output  of  the  compensation-reenlistment  module,  is  described  in 
Section  3.  The  factor  representing  changes  in  reenlistment  management  policies 
is  supplied  directly  by  the  EPICC  user. 

Reenlistments  before  ETS.  The  model  will  assume  that  early  reenlistments 
are  a  user-specified  proportion,  y,  of  ETS  reenlistments,  or 

(2.5)  ER.,  =  7  R,, 

Thus,  early  reenlistments  will  move  up  or  down  proportionally  with  changes  in 
compensation  policies,  macroeconomic  factors,  and  reenlistment  management 
policies.  We  assume  that  all  early  reenlistments  are  made  by  soldiers  who  have 
an  ETS  date  in  the  year  following  the  projection  year.  If  an  early  decision 
policy  is  in  effect  for  that  year,  early  reenlistments  will  not  be  calculated. 

Extensions.  Extensions  in  the  inventory  module  are  given  by 

(2.6)  EX,,  =  E,,,,  [  (l-UJ  C  ]  [  ex,  r  „  ] 

where  ex,  is  the  baseline  extension  rate,  defined  by  YOS  and  subinventory,  and 
2^"  is  the  reenlistment  management  adjustment  factor  for  extensions.  We  assume 
that  only  soldiers  with  an  ETS  in  the  current  year  have  the  option  of  extending, 
and  that  extension  rates,  unlike  reenlistment  rates,  are  not  sensitive  to 
changes  in  relative  military  compensation. 

NonETS  Continuations.  This  flow  constitutes  the  remainder  of  the 
continuing  force.  NonETS  continuations  are  calculated  as 
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(2.7)  NC,  =  E,„.,  [  (1-A)(C-{ER,/E,,,))  +  +  C  +  C  + 

4:.  ]  [  nc,  a:  ] 

where  nc,,,  is  the  baseline  nonETS  continuation  rate;  A™  is  the  adjustment  factor 
for  this  rate;  and  d%  d%  and  d®  are  the  remaining  proportions  in  the  time-to- 
ETS  distribution.  The  nonETS  continuation  rate  is  applied  against  the  stock  of 
soldiers  with  ETS  dates  beyond  the  current  year,  with  two  adjustments.  First, 
the  proportion  of  soldiers  one  year  away  from  ETS,  d’,  is  reduced  by  the  number 
of  early  reenlistments.  And  second,  soldiers  one  and  two  years  away  from  ETS 
are  not  counted  in  the  population  subject  to  nonETS  continuations  if  early 
decision  policies  are  in  effect. 

Note  that  although  the  inventories  in  EPICC  are  dimensioned  by  YOS  and 
grade,  the  calculations  to  determine  the  personnel  flows  use  continuation  rates 
and  time-to-ETS  distributions  that  only  have  a  YOS  dimension.  This  restriction 
greatly  reduces  the  baseline  data  requirements  for  EPICC  without,  we  believe, 
significantly  compromising  the  accuracy  of  the  projections.  Using  this  approach 
we  are  essentially  ignoring,  for  a  particular  YOS  group,  any  differences  in 
continuation  rates  or  time-to-ETS  across  grades.  These  differences  are  likely 
to  be  small . 

Given  the  personnel  flows  just  defined,  the  continuing  force  in  YOS  i, 
grade  j,  and  subinventory  k  is  calculated  as 

(2.8)  e;=,  =  [NC,  -  {%  %  LL,)]  (E,,,,  /  E,,,,) 

+  (R,,  +  ER,  +  EX,)  (^*„.,  /  e;;,.,) 

where  the  superscript  C  denotes  the  continuing  inventory,  LL,  is  the  number  of 
reclassifications  out  of  an  occupation  in  projection  year  t’®,  and  and  are 
the  YOS  and  subinventory  proportions  describing  where  these  losses  occur.  The 
continuing  force  in  a  particular  YOS  category  equals  the  sum  of  ETS 


’^This  term  is  zero  in  an  all -Army  projection. 
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reenlistments,  early  reenlistments,  extensions,  and  nonETS  continuations,  minus 
reclassifications  out.  NonETS  continuations  and  reclassifications  for  a  YOS 
category  are  distributed  across  the  grades  using  the  grade  distribution  from  the 
previous  year.  Reenlistments  and  extensions  are  distributed  according  to  the 
previous  year's  grade  distribution  with  the  grades  subject  to  retention  control 
points  eliminated. 


2.4.2  Add  Accessions 

The  second  step  in  the  methodology  for  generating  transitional  projections 
is  to  add  both  prior  service  and  nonprior  service  accessions  to  the  inventory. 
We  discuss  prior  service  accessions  first. 

Lateral  accessions,  composed  of  prior  service  accessions  in  the  all -Army 
model  plus  reclassifications  in  a  CMF  model,  enter  the  inventory  in  years  of 
service  cells  beyond  the  first.  Lateral  accessions  by  YOS,  subinventory,  and 
projection  year  are  first  computed  using  the  inputs  supplied  by  the  analyst: 
total  accessions  by  projection  year  and  the  distribution  of  these  accessions  by 
YOS  and  subinventory,  0,  and  0,,.  These  accessions  are  added  to  the  continuing 
inventory,  using  the  previous  year's  inventory  to  distribute  the  YOS  total  by 
grade,  so  that 

(2.9)  E^r  =  E"  +  LA,,  for  i  >  2 


where  LA„  =  LA,  ip.,  0, 

The  superscript  C+A  on  the  inventory  variable  E  indicates  the  continuing  force 
plus  accessions. 

Nonprior  service  accessions,  by  definition,  enter  the  inventory  in  the  YOS 
0-1  cell.  Two  factors  complicate  the  process.  First,  the  procedure  for  adding 
nonprior  service  accessions  to  the  inventory  depends  upon  whether  a  subinventory 
is  accession-  or  endstrength-constrained,  an  analyst-supplied  assumption 
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described  above.  Second,  there  is  significant  attrition  during  the  first  year 
of  service  as  recruits  undergo  basic  and  individual  skill  training.  Unlike 
prior  service  accessions,  which  we  add  directly  into  the  inventory,  nonprior 
service  accessions  must  be  adjusted  for  the  losses  that  occur  between  the 
accession  point  and  the  end  of  a  fiscal  year.  In  our  design,  we  pay  special 
attention  to  the  accession-to-YOS  0-1  conversion  because  of  the  relatively  large 
number  of  soldiers  involved. 

For  accession-constrained  subinventories,  the  number  of  YOS  0-1  soldiers 
resulting  from  the  accession  flow  is  calculated  as 

4  5-m 

(2.10)  E?,“,  .  A,.  [  Z  n  ]  for  all  k' 

m=l  n=l 

where  k'  denotes  accession-constrained  subinventories,  A^,  is  the  number  of 
accessions  in  projection  year  t,  the  0's  are  the  user-defined  proportions  of 
accessions  in  each  quarter  of  the  fiscal  year,  and  the  a's  are  3-month  attrition 
rates  for  the  first  year  of  service  in  the  kth  subinventory.’®  The  expression 
in  brackets,  a  weighted  average  of  the  attrition  rates  where  the  quarterly  flow 
assumptions  form  the  weights,  is  the  rate  at  which  the  accession  flow.  A,  is 
converted  into  the  stock  of  soldiers  in  YOS  0-1.  Thus,  the  conversion  rate  is 
sensitive  both  to  the  timing  of  accessions  and  to  the  distribution  of  accessions 
across  subinventories.’'' 

If  a  subinventory  is  endstrength-constrained,  the  number  of  YOS  0-1 
soldiers  is  determined  in  one  of  two  ways,  corresponding  to  the  type  of 
endstrength  constraint.  If  an  endstrength  has  been  specified  for  that 
subinventory,  the  number  of  soldiers  in  the  first  year  of  service  equals  the 


’®The  attrition  rates  in  equation  2.10  are  defined  as  the  proportion  of 
soldiers  starting  a  three-month  service  interval  who  have  left  by  the  end  of  the 
interval . 

’^Note  we  assume  that  all  nonprior  service  accessions  enter  as  an  El  or  E2, 
so  that  E^2i?,t  =  0  for  j  #  1.  This  restriction  could  be  relaxed  by  allowing  the 
user  to  specify  an  accession  grade  distribution. 
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endstrength  minus  the  continuing  force  in  the  subinventory.  If  a  total 
endstrength  plus  an  accession  distribution  is  specified,  the  number  of  YOS  0-1 
soldiers  is  given  by 


29  29 

(2.11)  =  \  [  s.  -  I  I  E^;;  -  l  l  Ef;l  for  all  k 

k'  1=1  k  1=2 

where  is  the  assumed  accession  distribution  across  the  endstrength-constrained 
subinventories  and  S,  is  the  total  endstrength  constraint  in  year  t.  The 
available  strength  for  YOS  0-1  in  the  endstrength-constrained  subinventories  - 
-  the  term  in  brackets  --  is  the  total  endstrength  minus  the  endstrengths  in 
the  accession-constrained  subinventories  and  minus  the  continuing  force  plus 
lateral  accessions  in  the  endstrength-constrained  subinventories. 

Accessions  into  the  endstrength-constrained  subinventories  are  determined 
from  the  YOS  0-1  stocks  using  the  accession-to-YOS  0-1  conversion  rate,  as 
fol 1 ows : 


4  5-ni 

(2.12)  A,  =  E";:,,.  /  [  I  n  {l-a„J  ]  for  all  k 

ni=l  n=l 

Total  accessions  in  projection  year  t  equals  the  sum  of  the  A„'s  across  all  the 
subinventories. 

2.4.3  Update  Time-to-ETS  Distributions 

In  the  third  step  of  the  transitional  projection,  the  ETS  distributions 
associated  with  each  subinventory  are  updated  using  the  estimates  of  personnel 
flows  and  the  assumptions  about  the  term  of  service  lengths  chosen  at  the 
enlistment,  reenlistment,  and  extension  points. 

For  soldiers  in  YOS  0-1,  the  new  ETS  distribution  is  determined  by  the 
distribution  of  initial  term  lengths,  which  can  be  different  for  high  quality 
and  other  soldiers. 
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For  soldiers  in  year-of-service  categories  YOS  1-2  through  YOS  29-30+,  the 
new  ETS  distribution  is  defined  by  the  following  equations: 

<  -  {  NC.  [  (i-a5(C,-(er./e,„,))/C.  1  +  EX.  T,  )  /  Ef;* 

<  -  {  NC.  [  1  +  EX.  r,  )  /  Ef;* 

C  -  {  NC.  [  C, /((•.,,  1  +  (1,  [  R.  +  ER.  t  LA.  ]  )  /  E^‘ 

<e  ■  {  NC.  [  C.,/C.  1  +  M,  [  R.  +  ER.  +  LA.  )  )  /  Ei- 

<  =  {  NC.  [  eye.  1  +  M,  [  R.  +  ER.  +  LA,  1  )  /  Ef;* 

4  .  {  A.  [  R.  +  ER,  +  LA.  ]  )  /  Ef;‘ 

■  (l-A)(eM-{ER./E,„,))  +  (l-S^e,  + 

4.k,M  4,k,t-1 

r's  =  Proportions  of  short  and  long  extensions 

/i's  =  Proportions  of  reenlistments  by  term  length 

The  new  proportion  with  an  ETS  date  in  the  coming  year,  d°,  is  the  sum  of  short 
extensions,  t,  EX,  and  the  nonETS  continuations  among  soldiers  who  previously 
had  an  ETS  date  one  year  in  the  future.’®  The  proportion  with  an  ETS  date  in  the 
year  after  next,  d’,  is  similarly  defined.  For  d^  through  d®,  the  sum  of  ETS 
reenlistments,  early  reenlistments,  and  lateral  accessions  are  distributed 
according  to  the  assumed  distribution  of  reenlistment  term  lengths  and  added  to 
nonETS  continuations. 


’®Note  that  soldiers  subject  to  early  decisions  or  making  early 
reenlistments  must  be  removed  from  last  year's  value  for  d’. 


where  = 

(2.13) 
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2.4.4  Promote  the  Force 


The  final  step  in  projecting  an  inventory  for  one  year  is  to  estimate 
promotions,  which  begins  with  the  calculation  of  vacancies.  Starting  with  E9's, 
vacancies  in  year  t  are  determined  as 

(2.14)  Vg,,  =  max  {  min  [(S,  TTg,),  gj  -  0  ) 

where  S,  is  the  total  endstrength  in  year  t;  JTg,  is  the  desired  proportion  of 
E9's  in  the  force,  a  parameter  set  by  the  model  user  for  each  projection  year; 
gg  is  the  maximum  number  of  E9  slots  authorized  for  the  Army;  and  EgJ^is  the 
number  of  E9's  in  the  continuing  force.  The  number  of  E9  slots  available,  the 
expression  in  brackets,  is  the  minimum  of  the  endstrength  times  the  desired  E9 
proportion  and  the  ceiling  on  E9  slots.  Vacancies  are  the  maximum  of  the 
difference  between  the  available  slots  and  the  continuing  force,  and  zero. 

Next,  we  calculate  the  primary  and  secondary  zone  promotion  rates  required 
to  fill  the  vacancies.  Using  the  promotion  parameters  defined  by  the  analyst, 
we  can  express  E9  promotions  as  a  function  of  the  promotion  rate  in  the  primary 
zone,  Pg,,, 

(2.15)  +  [  Zg^g,,)] 

where  ^  ^  secondary  zone 

1 

Ki  ~  1  i  primary  zone 

i 

Zg*,  and  Z^,  are  the  total  numbers  of  E8's  in  the  secondary  and  primary  zones;  they 
are  calculated  by  summing  the  continuing  plus  accessions  force  of  E8's  in  the 
user-defined  YOS  intervals  that  comprise  the  zones.  The  parameter  0  is  the 
ratio  of  secondary  to  primary  zone  promotions,  which  is  also  determined  by  the 
analyst.  Putting  this  information  together,  the  term  in  the  first  set  of 
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brackets  is  the  number  of  secondary  zone  promotions;  the  term  in  the  second  set 
of  brackets,  primary  zone  promotions. 

Setting  the  promotions  equal  to  E9  vacancies,  we  can  calculate  the  primary 
zone  promotion  rate  required  to  fill  the  vacancies, 

(2.16)  P3,  =  min  [  V,,,  /  (4',  6  +  Z,^,),  1  ] 

The  primary  zone  promotion  rate  is  constrained  to  be  less  than  1.  Subtracting 
the  new  E9's  to  obtain  the  E8  inventory,  the  promotion  rates  to  E8  can  be 
determined  in  a  similar  manner.  This  process  is  repeated  for  E7  through  E1/E2. 

The  final  inventory  for  projection  year  t  is  given  by 

(2.17)  E..  =  E‘^**+  P..  -  P 

where  P^j,^  is  the  promotions  out  of  grade  j  in  YOS  i.  Promotions  out  are 
determined  by  multiplying  the  primary  or  secondary  rate,  as  appropriate,  times 
the  continuing  force  plus  accessions.  This  completes  the  inventory  projection 
for  one  year.  The  process  is  repeated,  using  these  inventories  and  time-to-ETS 
distributions  as  the  starting  point,  for  the  remaining  projection  years. 


2.4.5  Projection  Results 

Figure  2.3  summarizes  the  potential  results  that  can  be  generated  from  the 
EPICC  inventory  module  for  a  single  projection  year.  The  list  includes  outputs 
discussed  in  the  projection  methodology,  such  as  reenlistments,  as  well  as  force 
statistics  derived  from  those  outputs,  including 

•  Losses.  These  are  the  difference  between  the  continuing 
inventory  and  the  previous  year's  inventory. 

•  Fill  Rates.  Calculated  as  the  year-end  inventory  in  a 
particular  grade  divided  by  the  slots  available  for  that  grade. 

•  Average  Time  in  Service  at  Promotion.  Average  TIS  at  promotion 
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Item 

Dimensioned  By 

•  Inventories 

Grade,  YOS,  subinventory 

•  Time-to-ETS  distributions 

YOS,  subinventory 

•  Personnel  flows 

-  Nonprior  service  accessions 

Subinventory 

-  Other  accessions 

Subinventory  and  YOS 

-  ETS  reenlistments 

Subinventory  and  YOS 

-  Early  reenlistments 

Subinventory  and  YOS 

-  Extensions 

Sub  inventory  and  YOS 

-  NonETS  continuations 

Sub  inventory  and  YOS 

-  Losses 

Subinventory  and  YOS 

•  Promotions 

-  Number 

Grade,  YOS 

-  Primary/secondary  rates 

Grade 

-  Average  TIS  at  promotion 

Grade 

•  Fill  rates 

Grade 

Figure  2.3:  Complete  Inventory  Projection  Results 
for  a  Projection  Year 


can  be  calculated  by  weighting  years  of  service  by  the 
proportion  of  total  promotes  out  in  that  YOS. 


Other  statistics  can  be  added  as  needs  are  identified. 


One  "problem"  with  the  results  generated  by  the  inventory  model  is  their 
sheer  volume;  storing  the  complete  results  for  a  9-year  projection  would  rapidly 
fill  even  a  large  hard  disk  on  a  microcomputer.  For  this  reason,  the  default 
procedure  for  storing  projection  results  will  summarize  the  results  in  Figure 
2.3  in  several  ways. 


•  Only  the  column  and  row  totals  from  the  inventories,  rather  than 
the  full  YOS-by-grade  matrix,  will  be  stored.  Thus,  a  vector 
of  soldiers  by  grade  and  a  vector  by  YOS  will  be  used  to 
describe  each  inventory. 

•  The  subinventory  results  will  be  stored  by  the  categories 
defining  the  subinventories,  rather  than  the  subinventories 
themselves.  That  is,  results  for  white  and  minority  soldiers, 
for  male  and  female  soldiers,  and  for  the  six  quality  groups 
will  be  retained. 

•  Time-to-ETS  distributions  will  not  be  included  in  the  summary 
results. 
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At  the  user's  option,  complete  results  from  a  scenario  can  be  stored. 


2.5  Baseline  Continuation  Rates 

This  section  describes  our  approach  for  calculating  the  baseline 
reenlistment,  extension,  and  nonETS  continuation  rates  required  by  EPICC. 
Because  these  continuation  rates  are,  in  principle,  disaggregated  by  YOS, 
soldier  characteristics,  and  skill,  some  of  the  calculated  rates  will  be  based 
on  a  small  number  of  soldiers.  We  discuss  the  ramifications  of  small  cell  sizes 
for  the  accuracy  of  the  inventory  projections  and  outline  a  methodology  for 
dealing  with  the  problem. 

2.5.1  Basic  Approach 

Continuation  rates  will  be  calculated  using  the  fiscal  year-end  Enlisted 
Master  Files  (EMFs)  for  the  baseline  year  and  the  year  preceding  it.'®  Using  the 
previous  year's  file,  soldiers  are  first  classified  according  to  their  ETS  date 
--  within  the  next  (i.e.  baseline)  year  or  in  the  years  following  the  baseline. 

For  those  soldiers  with  an  ETS  date  in  the  baseline  the  following  rates 
will  be  calculated: 

•  Extension  Rate.  The  proportion  of  soldiers  whose  ETS  date  on 
the  master  file  for  the  baseline  has  increased  by  less  than  24 
months, 

•  Reenlistment  Rate.  The  proportion  of  soldiers  whose  ETS  date 
has  increased  by  24  or  more  months. 

These  rates  will  sum  to  less  than  one  because  of  losses  that  occur  at  the  ETS 


'®Because  of  the  accessibility  of  the  data,  we  plan  to  use  the  Enlisted 
Master  Files  maintained  by  the  Defense  Manpower  Data  Center  (DMDC)  in  creating 
the  rates  for  the  prototype  model.  The  same  methodology,  however,  could  be 
applied  to  the  PERSCOM  EMFs. 
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point.  Reenlistment  and  extension  rates  will  be  calculated  by  YOS  within  each 
subinventory,  for  every  CMF  and  the  entire  Army.'^ 

The  denominator  for  the  nonETS  continuation  rate  includes  all  soldiers 
who,  as  of  the  year-end  master  file  preceding  the  baseline  year,  have  an  ETS 
after  the  baseline  year.  The  numerator  is  the  number  of  these  soldiers  who 
appear  on  the  master  file  at  the  end  of  the  baseline  year.  As  with  the 
reenlistment  and  extension  rates,  the  nonETS  continuation  rates  will  also  be 
calculated  separately  by  YOS  for  each  subinventory. 

2.5.2  Small  Cell  Sizes 

As  the  sample  of  soldiers  used  to  calculate  a  particular  continuation  rate 
decreases,  the  standard  error  of  that  rate  and,  therefore,  the  standard  error 
of  the  projected  inventories  based  on  that  rate  increase.  In  the  limit,  rates 
for  cells  with  zero  members  cannot  be  estimated.  One  response  to  small  cell 
sizes  is  to  pool  soldiers  across  inventories,  years  of  service,  skills,  or 
fiscal  years  and  calculate  rates  based  on  these  aggregated  cells.  This, 
however,  can  introduce  bias  into  the  estimated  rates  because  the  soldiers  used 
to  calculate  a  particular  rate  no  longer  have  the  same  characteristics.  In 
general,  there  is  a  tradeoff  between  reducing  the  variance  of  an  estimated  rate 
and  increasing  the  bias. 

We  propose  the  following  procedure  for  dealing  with  the  small  cell  size 
problem  in  EPICC.  First,  we  will  identify  those  continuation  rates  based  on 
cell  sizes  of  less  than  25  soldiers.  Below  this  level,  the  confidence  interval 


’^An  alternative  approach  is  to  construct  baseline  rates  by  averaging  over 
several  years.  This  reduces  the  effects  that  random  fluctuations  in  the 
continuation  rates  have  on  the  projections.  Unfortunately,  it  also  obscures  the 
effect  of  recent  changes  in  policy  and  other  factors  that  will  affect 
continuation  rates  in  the  future.  Given  the  dynamic  environment  that  currently 
exists  in  military  personnel  planning,  we  believe  the  disadvantages  of  a 
multiyear  baseline  outweigh  the  advantages. 
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for  predictions  based  on  these  continuation  rates  becomes  unacceptably  large.’® 
Then,  we  will  combine  the  soldiers  in  each  of  these  cells  with  soldiers  in  the 
same  YOS,  race,  sex,  and  quality  category  in  a  "related"  occupation  and 
recalculate  the  continuation  rates.  The  pooled  rates  will  replace  the  rates 
actually  observed  in  the  small -sample  cells. 

Previous  research  has  shown  that  demographic  and  YOS  differences  in 
reenlistment  rates  are  substantial,  so  that  pooling  across  these  characteristics 
would  significantly  bias  the  rates.  Pooling  across  fiscal  years  is  also  not 
desirable  because  it  obscures  the  effects  of  recent  personnel  policy  changes  on 
continuation  rates.  The  best  way  to  pool,  therefore,  seems  to  be  across 
similar  occupations,  such  as  within  the  combat  arms  skills.  We  can  use  standard 
statistical  tests  to  choose  the  occupations  that  are  best  for  pooling. 


2.6  Extensions  to  the  Prototype  Design 

In  this  section  we  discuss  several  possible  extensions  to  the  design  of 
the  inventory  module  in  the  prototype  version  of  EPICC.  The  inventory  module 
we  have  described  so  far  is  ambitious  in  that  it  contains  many  features  not 
currently  available  in  existing  Army  inventory  models.  Because  of  the  resources 
required  to  program  and  thoroughly  test  the  entire  EPICC  model,  we  most  likely 
cannot  incorporate  these  extensions  in  the  prototype  under  the  current  level  of 
effort.  We  describe  them  here  to  elicit  comments  on  whether  they  should  be 
added  to  the  prototype,  in  lieu  of  some  of  the  proposed  features,  or  be  included 
on  a  menu  of  possible  future  enhancements.  We  consider  five  extensions:  adding 
a  steady  state  projection  option,  improvements  to  the  promotion  algorithm. 


’®An  80%  confidence  interval  for  the  predicted  inventory  in  year  t+1, 

is  given  by 

E,,.  c„  ±  (1.28  E,,  oe) 

where  E,,  is  last  year's  inventory  and  Oq  is  the  standard  deviation  of  the 
estimated  continuation  rate.  If  c  equals  .75  and  is  based  on  a  cell  size  of  25 
individuals,  the  limits  of  the  confidence  interval  are  approximately  15%  above 
and  below  the  predicted  inventory  in  year  t+1. 
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including  an  enlistment  supply  module,  modeling  inter-occupation  migration 
flows,  and  disaggregating  to  the  MOS  level. 

Steady  State  Projection  Option.  Steady  state  projections  show  the 
inventory  that  would  eventually  be  reached  if  the  projection  scenario  remained 
constant  over  time.  Steady  state  projections  are  only  useful  for  evaluating 
the  long  term  effects  of  particular  policies  because  it  may  take  30  or  more 
years  for  the  steady  state  to  be  reached.  In  fact,  choosing  policies  based  on 
their  steady  state  implications  alone  is  dangerous  as  the  less  expensive  policy 
in  the  steady  state  may  be  more  costly  overall  because  significantly  higher 
costs  are  incurred  under  that  policy  in  the  transition  to  the  steady  state. 

Among  potential  EPICC  users  there  was  considerably  less  demand  for  steady 
state  projections  than  the  transitional  projections  included  in  the  design  of 
the  prototype  model.  Nevertheless,  there  are  certain  personnel  policy  issues, 
such  as  retirement  changes,  that  have  usually  been  evaluated  with  steady  state 
results.  Adding  a  steady  state  projection  option  would,  therefore,  expand  the 
scope  of  issues  that  could  be  addressed  using  EPICC.  Given  the  proposed  design, 
providing  a  steady  state  projection  capability  would  not  be  a  difficult 
enhancement. 

Promotion  Algorithm  Improvements.  The  promotion  algorithm  in  the 
prototype  assumes  that  the  promotion  rate  from  a  particular  zone  and  grade  is 
the  same  across  the  demographic  and  quality  subinventories.  In  fact,  studies 
of  promotion  times  have  consistently  found  that  AFQT  scores  and  years  of 
education  are  positively  related  to  speed  of  promotion.  Thus,  the  proposed 
model  will  understate  the  average  grade,  at  a  given  year  of  service,  for  high 
quality  soldiers  and  overstate  it  for  others. 

Different  promotion  rates  can  be  included  in  the  model  with  a  modest 
expansion  of  the  promotion  algorithm.  With  the  additional  information  that 
promotion  rates  in  each  subinventory  are  X%  higher  or  lower  than  the  Army 
average,  equation  2.16  can  be  modified  to  calculate  the  average  primary  zone 
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promotion  rate  to  fill  the  existing  vacancies.’®  Some  complexity  arises  in 
checking  that  the  resulting  subinventory  promotion  rates  do  not  exceed  one  and 
adjusting  the  remaining  rates  if  this  is  the  case. 

As  noted  earlier,  the  design  for  the  prototype  does  not  automatically 
assure  that  the  promotion  rates  determined  in  the  inventory  module  are  the  same 
as  the  promotion  rates  used  in  the  compensation-reenlistment  module.®®  Making 
this  linkage  would  require  an  iterative  solution  for  each  projection,  with  the 
following  steps.  First,  an  inventory  projection  like  that  described  for  the 
prototype  model  would  be  calculated  employing  the  user-defined  scenario.  Next, 
the  promotion  rates  generated  by  the  inventory  projection  module  would  be 
transferred  to  the  compensation-reenlistment  module,  the  reenlistment  rate 
adjustment  factors  recalculated,  and  a  new  inventory  projection  generated.  This 
process  would  be  repeated  until  the  promotion  rates  at  the  beginning  of  a 
projection  were  the  same  as  those  at  the  end.  These  iterations  would 
substantially  increase  the  time  to  run  a  scenario,  but  adding  the  linkage  would 
be  a  fairly  straightforward  modification. 

Enlistment  Supply  Module.  High  quality  accessions  are  constrained  by  the 
resources  applied  to  recruiting.  In  the  proposed  design,  the  analyst  can  assume 
that  high  quality  accessions  are  fixed  at  some  level,  but  he  has  to  perform  a 
side  analysis  to  determine  what  number  of  accessions  is  consistent  with  the 
resources  being  applied  to  recruiting.  An  enlistment  supply  module  would  accept 
as  input  the  user's  assumptions  about  future  levels  of  recruiters,  advertising. 


’®  The  average  primary  zone  promotion  rate  required  to  fill  the  vacancies 
is  given  by. 


PB^ 


Vs,  /  I  ttK  (4^,  S  +  Z3;,) 


where  Of,,  is  the  ratio  of  the  promotion  rate  in  subinventory  k  to  the  all-Army 
average. 


®°  As  described  in  Section  3,  however,  users  do  have  the  option  of  manually 
changing  the  promotion  rate  assumptions  used  in  the  compensation-reenlistment 
module  to  incorporate  this  link. 
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and  enlistment  incentives,  such  as  enlistment  bonuses  and  education  benefits. 
Using  available  enlistment  supply  models,  the  module  would  forecast  the  level 
of  high  quality  accessions  to  be  used  in  the  inventory  projections.  Thus,  the 
accession  constraint  for  these  subinventories  would  always  be  consistent  with 
the  recruiting  budget. 

Inter-Occupation  Migration.  When  generating  an  inventory  projection  for 
a  particular  CMF  in  the  proposed  design,  the  user  can  specify  the  number  of 
expected  reclassifications  into  and  out  of  that  CMF.  An  improvement  would  be 
to  allow  the  model  to  predict  inter-occupation  migration  based  upon  historical 
flows  and  policy  choices,  such  as  the  level  of  the  SRB  in  a  CMF  and  restrictions 
on  entry  and  exit  from  a  CMF.  Modeling  the  migration  flows  would  impose 
consistency  in  the  number  of  reclassifications  across  all  CMFs  --  all 
reclassifications  out  of  a  particular  CMF  have  to  counted  as  reclassifications 
into  other  CMFs  --  and  simplify  the  process  of  choosing  policies  to  meet  CMF 
strength  requirements. 

Modeling  inter-occupation  migration  is  a  difficult  problem  for  both 
computational  and  analytical  reasons.  The  computational  problem  arises  from  the 
constraint  that  CMF  inventories  cannot  be  projected  individually  and  then  summed 
to  an  all-Army  inventory.  Reclassifications  into  a  particular  CMF  are  a 
function  of  reclassifications  out  of  other  CMFs,  requiring  that  reenlistments 
and  reclassifications  out  for  alj.  CMFs  be  determined  before  the  final  inventory 
for  any  one  CMF  can  be  projected.^’  The  quickest  way  to  calculate  an  inventory 
projection  under  this  constraint  is  to  load  all  inventories  into  memory  at  once 
and  solve  all  the  projections  together.  An  inventory-by- inventory  approach 
would  at  least  double  the  input  and  output  operations  required,  substantially 
increasing  the  time  it  takes  to  generate  a  projection.  Using  the  simultaneous 
solution  approach  in  a  standard  microcomputer,  we  are  restricted  to 
approximately  30  inventories  per  projection. 


^’Note  that  allowing  an  overall  endstrength  constraint,  as  we  do  in  the 
design  of  the  prototype,  imposes  a  similar  limitation  on  the  inventory 
calculations.  To  determine  accessions  in  the  endstrength-constrained 
subinventories,  we  have  to  know  the  continuing  force  in  all  the  subinventories. 
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There  are  three  ways  to  increase  the  number  of  inventories  that  can  be 
included,  allowing  for  the  modeling  of  inter-occupation  migration.  Retaining 
the  standard  microcomputer  platform,  we  can  use  an  inventory-by-inventory 
approach  and  accept  the  longer  times  required  to  generate  projections.  Second, 
we  probably  can  use  a  simultaneous  solution  approach  on  a  standard  microcomputer 
if  we  use  a  single  inventory  by  CMF,  forgoing  the  demographic  and  quality 
subinventories.  As  we  have  argued  above,  this  is  likely  to  affect  the  accuracy 
of  the  projections  and  it  means  the  composition-of-the-force  questions  cannot 
be  addressed.  Third,  and  probably  most  attractive,  we  can  implement  the 
complete  model  --  all  CMFs  with  the  demographic  and  quality  subinventories  -- 
on  a  microcomputer  with  expanded  memory  and  a  different  operating  system.  The 
drawback  to  this  approach  is  that  the  special  hardware  and  software  needed  to 
run  the  model  could  limit  its  availability  to  users. 

The  analytical  problems  in  modeling  inter-occupation  migration  are, 
however,  more  difficult  than  the  computation  problems.  It  is  straightforward 
to  specify  reclassifications  into  and  out  of  CMFs  using  results  generated  by  the 
proposed  model  and  addition  information  on  reclassification  rates  by 
destination. “  The  problems  arise  in  determining  how  personnel  policies  will 
affect  the  reclassification  rates.  For  example,  increasing  reenlistment  bonuses 
in  a  particular  CMF  will,  in  addition  to  increasing  total  reenlistments  among 
soldiers  in  that  CMF,  reduce  the  reclassifications  out  of  the  CMF.  Currently, 
there  is  no  empirical  evidence  on  the  size  of  this  channeling  effect,  and 
attempts  to  estimate  such  effects  have  generally  been  unsuccessful. 
Restrictions  on  migration  into  and  out  of  particular  CMFs  also  affect 


®®Let  rc,j  be  the  rate  at  which  reenlistments  in  CMF  i  migrate  to  CMF  j.  In 
this  notation,  parameter  rCn  is  the  proportion  of  reenlistments  in  CMF  i  that 
do  not  reclassify.  Reclassifications  out  of  (RO)  and  into  (RI)  CMF  i  are  given 
by 

ROj  =  Ri  (l-rc„)  and  RI,  =  ^  (Rj  for  j  y  i 

j 

where  R,  is  reenlistments  in  CMF  i. 
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reclassification  rates  so  that  any  historical  data  on  these  rates  are 
conditional  on  the  particular  policies  in  effect  at  the  time  the  data  is 
collected.  How  the  rates  would  change  as  the  restrictions  are  modified  is 
difficult  to  predict. 

Given  the  computational  and  analytical  problems  in  modeling  inter¬ 
occupation  migration,  we  chose  not  to  incorporate  this  feature  in  the  prototype 
version  of  EPICC.  With  a  more  powerful  hardware-software  platform,  however,  the 
changes  required  to  include  explicit  tracking  of  inter-occupation  migration 
would  build  on  the  current  design  rather  than  require  extensive  modifications. 
The  question  is  whether  the  analytical  limitations  in  modeling  the  effects  of 
policy  changes  on  migration  flows  would  make  the  resulting  model  worth  the 
additional  cost. 

MOS-Level  Model.  A  frequent  comment  in  discussions  with  potential  users 
was  that  a  model  disaggregated  to  the  MOS  level  would  be  more  useful  than  one 
divided  into  CMFs.  There  are  at  least  two  challenges  in  building  such  a  model. 
First,  the  computational  problem  caused  by  expanding  the  number  of  inventories 
is  increased.  Even  with  an  improved  hardware  and  software  platform  for  the 
model,  it  probably  would  not  be  feasible  to  model  subinventories  of  MOSs. 
Second,  inter-occupation  migration  at  the  MOS  level  is  complicated  by  career 
paths  in  which  soldiers  who  achieve  a  certain  rank  in  a  cluster  of  MOSs  are 
grouped  together  in  a  new  MOS.  The  migration  resulting  from  these  career  paths 
would  have  to  be  built  into  the  inventory  projection  methodology. 

Expanding  the  prototype  model  to  the  MOS  level  is  the  most  difficult  of 
the  extensions  discussed  here;  but  given  the  demand  for  inventory  and  cost 
results  by  MOS,  it  may  make  more  sense  to  work  towards  this  more  ambitious  goal 
than  adding  improvements  to  a  CMF  model. 
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2.7  Summary 


In  this  section,  we  have  presented  our  proposed  design  for  the  inventory 
module  of  the  Enlisted  Personnel  Inventory  Cost,  and  Compensation  Model.  As  any 
model  is  necessarily  a  compromise  between  conflicting  goals,  we  first  outlined 
the  objectives  underlying  our  design.  Then  we  described  the  input  data  and  user 
assumptions  for  a  projection  scenario,  the  outputs  that  will  be  produced  by  the 
module,  and  the  calculations  involved  in  moving  from  the  inputs  to  the  outputs. 
Finally,  we  listed  several  features  that  are  not  included  in  the  design  of  the 
prototype  but  are  candidates  for  future  enhancements  to  the  model. 

The  next  section  describes  the  design  of  compensation-reenlistment  module. 
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3  COMPENSATION-REENLISTHENT  MODULE 


The  compensation-reenlistment  module  uses  the  analyst's  assumptions  about 
military  compensation  and  macroeconomic  conditions  over  the  projection  period 
to  predict  future  reenlistment  rates.  These  rates  are  in  turn  used  in  the 
inventory  projection  module  to  age  the  force.  By  establishing  a  link  between 
military  compensation  and  reenlistment  rates,  this  module  allows  the  analyst  to 
assess  both  the  inventory  and  cost  implications  of  different  compensation 
policies,  including  changes  in  basic  pay,  allowances,  SRBs,  and  retirement  pay. 
In  addition,  the  effects  of  macroeconomic  factors  on  the  force,  such  as 
unemployment  and  civilian  earnings  growth,  can  be  evaluated. 

Figure  3.1  provides  an  overview  of  the  compensation-reenlistment  module. 
User-defined  assumptions  about  compensation  policies  and  macroeconomic  factors 


Figure  3.1:  Compensation-Reenlistment  Module  Schematic 
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are  the  primary  inputs  to  the  module.  The  outputs  are  projected  reenlistment 
rates  by  year  and  YOS.’ 

As  in  any  modeling  effort,  the  accuracy  of  the  projections  under  different 
compensation  scenarios  is  only  as  good  as  the  quality  of  the  compensation- 
reenlistment  link.  Our  methodology,  derived  from  the  Annualized  Cost  of  Leaving 
(ACOL)  model  of  reenlistment  behavior,  has  a  sound  theoretical  foundation  and 
a  successful  track  record  in  similar  policy  applications.  The  specific 
implementation  of  the  methodology  is  guided  by  the  findings  from  the  Army 
Compensation  Models  Project.  In  this  project  compensation-reenlistment  models 
were  estimated  and  tested  for  selected  CMFs,  and  the  models  were  used  to  develop 
the  Army  Reenlistment  Model  (ARM),  a  PC-based  tool  for  forecasting  reenlistment 
rates. 


Section  3.1  briefly  describes  the  ACOL  model  to  provide  the  required 
conceptual  background.  Section  3.2  outlines  how  the  model  will  be  used  to 
predict  reenlistment  rates  in  the  EPICC,  including  the  elements  that  can  be 
modified  in  defining  the  compensation/macroeconomic  scenario  and  the  prediction 
methodology.  Section  3.3  describes  our  strategy  for  estimating  the  key 
parameters  of  the  ACOL  model  linking  compensation  changes  to  changes  in 
reenlistment  rates,  including  definition  of  analysis  samples,  construction  of 
the  ACOL  variable,  and  specification  of  the  reenlistment  models. 


3.1  Annualized  Cost  of  Leaving  Model 

The  decision  to  reenlist  or  enter  the  civilian  sector  can  be  viewed  as  a 
special  case  of  the  general  problem  of  occupational  choice.  In  choosing  an 
occupation,  an  individual  evaluates  the  pecuniary  and  nonpecuniary  returns,  over 
his  planning  horizon,  for  each  occupation  in  his  choice  set  and  selects  the  one 
providing  the  greatest  utility.  This  general  concept  is  too  abstract  to  be  used 
directly  in  empirical  models;  functional  forms  relating  the  outcomes  of 


’These  adjustment  factors  are  the  6's  in  equation  2.4. 
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reenlistment  decisions  to  soldier  characteristics  and  behavioral  parameters  must 
be  specified  first.  The  ACOL  model  is  the  specification  of  this  general  model 
that  has  been  used  most  extensively  in  studying  reenlistment  decisions. 

We  will  describe  the  ACOL  model  in  the  context  of  a  soldier  making  a 
reenlistment  decision  at  YOS  t.  The  financial  returns  from  staying  s  more  years 
in  the  Army  for  this  soldier  RS„1  can  be  expressed  as 


(3.1) 
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where  WM„  is  the  real  value  of  military  compensation  in  year  n,  WC„  is  civilian 
earnings  in  year  n,  and  represents  the  military  retirement  benefits,  if 
any,  that  accrue  from  t+s  years  of  service.  The  term  d  is  a  discounting  factor 
equal  to  (l+r)’,  where  r  is  the  soldier's  real  discount  rate. 

Equation  3.1  states  that  the  financial  returns  to  staying  in  the  Army  have 
two  components.  The  first  summation  is  the  discounted  present  value  of  military 
compensation  paid  out  during  the  soldier's  career.  Compensation  is  discounted 
to  reflect  the  time  value  of  money;  even  without  inflation,  a  dollar  paid  in  the 
future  is  worth  less  than  a  dollar  paid  today  because  currently  available  dollars 
can  be  invested.  The  second  summation  is  the  discounted  present  value  of  post¬ 
service  compensation,  including  earnings  from  a  civilian  job  and  accrued  military 
retirement  benefits. 

Similarly,  the  financial  returns  from  leaving  immediately,  RL„  can  be 
expressed  as 

t+N 

(3.2)  RL,  =  X  (MC,  t  R.,,)d« 

n=t+l 
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where  R„,  is  the  military  retirement  benefits  after  t  years  of  service.® 

As  highlighted  in  the  concept  of  occupational  choice,  nonpecuniary  factors 
also  play  an  important  role  in  the  reenlistment  decision.  Because  it  is 
difficult  to  quantify  these  factors,  the  ACOL  model  simply  assumes  that  the 
difference  in  the  value  of  these  factors  in  military  and  civilian  occupations, 
usually  called  the  "tastes"  for  military  and  civilian  employment,  can  be 
expressed  as  a  function  of  the  soldier's  characteristics.  In  particular,  the 
annual  value  of  the  nonpecuniary  benefits  in  civilian  employment  minus  those  in 
military  employment  is  given  by  Y.  i^jX,  +  e,  where  the  X's  are  characteristics 
of  the  individual,  the  P's  are  parameters  to  be  estimated,  and  £  is  a  random 
error  term.  For  example,  because  the  noncompensation  benefits  that  accrue  to 
individuals  with  dependents  are  generally  greater  in  the  military  than  in  the 
civilian  sector,  the  number  of  dependents  is  often  included  among  the  X's  when 
the  ACOL  model  is  estimated. 

Combining  the  financial  and  nonpecuniary  aspects  of  the  reenlistment 
decision,  a  soldier  will  stay  if  the  financial  cost  of  leaving  the  Army  exceeds 
the  value  of  the  nonpencuniary  benefits  that  would  be  gained  by  civilian 
employment.  This  decision  rule  can  be  formalized  as 

(3.3)  Stay  for  s  more  years  if:  ACOL,^  >  ][  ^jXj  +  e 

t+S 

where  ACOL,,  =  (RS„  -  RL.)  /  Y  d'"'> 

t+i 

In  this  formulation,  the  cost  of  leaving  --  returns  to  staying  minus  the  returns 
to  leaving  --  is  annualized  so  that  it  can  be  compared  with  the  annual  value  of 
the  nonpecuniary  benefits  gained  in  civilian  employment. 

ACOL  summarizes  the  financial  aspects  of  the  reenlistment  decision. 


®To  simplify  the  exposition,  we  have  assumed  that  the  individual's  potential 
civilian  earnings  depend  only  on  his  total  work  experience.  In  fact,  research 
showns  that  the  potential  civilian  earnings  of  a  veteran  depends  on  the 
composition  of  experience  between  military  and  civilian  jobs  as  well. 
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Holding  constant  the  value  of  nonpecuniary  differences  --  the  right  hand  side 
of  3.3  --  the  higher  a  soldier's  military  compensation  relative  to  his  civilian 
earnings  potential  and,  therefore,  the  greater  his  ACOL,  the  more  likely  that 
he  will  reenlist.  Conversely,  soldiers  who  place  high  values  on  the  nonpecuniary 
benefits  of  a  civilian  occupation  relative  to  a  military  job  (i.e.  X  ^,Xj  +  e 
large)  are  more  likely  to  separate,  holding  constant  relative  compensation. 

To  this  point,  we  have  developed  the  model  assuming  a  particular  horizon 
of  future  military  service,  s.  In  fact,  there  are  multiple  horizons--one  more 
term  of  service,  two  more  terms,  etc.,  all  of  which  imply  reenlisting  at  the 
current  decision  point.  A  rational  individual  will  reenlist  if  there  is  at  least 
one  horizon  where  the  ACOL  exceeds  the  relative  nonpecuniary  benefits  of  a 
civilian  career.  Such  a  horizon  exists  if  the  maximum  ACOL  across  all  possible 
horizons  is  greater  than  the  nonpecuniary  benefits,  or  reenlist  if 

(3.4)  max  ACOL,,  >  ^,Xj  +  e 


This  is  the  ACOL  decision  rule.  If  we  assume  that  e  has  a  normal  distribution, 
N{0,a£),  then  the  probability  that  a  soldier  reenlists  at  YOS  t  is  given  by 

(3.5)  pr  (ACOL.  -  I  i5,X,  >  e)  = 

^  (®ACOL^^OL,  +  Z 

where  §  is  the  cumulative  normal  distribution  function  and  ACOL,  is  the  maximum 
ACOL  across  all  potential  career  horizons  at  year  of  service  t.  The  unknown 
parameters  of  the  model  --  measures  the  responsiveness  of  the  reenlistment 
decision  to  changes  in  ACOL,  the  ot^ji's  show  how  other  variables  such  as  soldier 
demographic  characteristics  or  the  unemployment  rate  are  related  to  the 
reenlistment  decision  --  can  be  estimated  using  a  probit  model.® 

The  primary  advantage  of  the  ACOL  model  is  that  it  provides  a  rational  way 


®The  ft's  are  related  to  the  variance  of  taste  distribution;  in  particular, 
“acol  equals  l/o^  and  equals  /S/fff. 
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to  decide,  for  each  soldier,  the  appropriate  future  career  horizon  to  use  in 
constructing  the  financial  variable  for  a  reenlistment  model.  This  has  important 
implications  for  assessing  the  implications  of  future  pays,  such  as  retirement 
benefits,  relative  to  current  compensation.  Rather  than  arbitrarily  specifying 
that  retirement  pay  only  begins  to  affect  reenlistment  decisions  at  some  year 
of  service,  the  ACOL  model  determines  the  appropriate  point  by  comparing 
compensation  streams  across  different  future  careers.  Moreover,  the  methodology 
is  straightforward  to  implement.  With  predictions  for  WM,  WC,  and  R,  we  can 
calculate  ACOLs  for  various  horizons  and  choose  the  maximum  before  actually 
estimating  any  parameters.  These  two  factors  have  made  the  ACOL  model  the  most 
commonly  used  approach  in  modeling  the  compensation-reenlistment  link. 


3.2  Predicting  Reenlistment  Rates 


The  compensation-reenlistment  module  accepts  a  user-defined 
compensation/macroeconomic  scenario  and  uses  those  assumptions  to  predict 
reenlistment  rates  in  the  projection  years.  We  describe  the  elements  of  the 
compensation  scenario  and  the  prediction  methodology  in  turn. 


Compensation/Macroeconomic  Scenario.  In  defining  the  compensation 
scenario,  the  EPICC  user  will  be  able  to  modify  the  following  elements  of  the 
military  compensation  package^: 


•  Basic  military  pay.  The  analyst  can  specify  the  annual 
percentage  increase  in  basic  pay  by  projection  year.  A  single 
increase  applicable  to  all  grades  can  be  used  or  the  increase 
can  be  targeted  differentially  to  particular  grades.  Future 
pay  tables  are  generated  within  the  EPICC  by  applying  these 
percentages  to  the  base  year  pay  table. 

•  Allowances.  The  annual  percentage  increases  in  the  Basic 
Allowance  for  Quarters  (BAQ),  the  Basic  Allowance  for 
Subsistence  (BAS),  and  the  Variable  Housing  Allowance  (VHA)  can 
be  specified  by  projection  year.  These  increases  can  also  be 
targeted  differentially  to  pay  grades.  Allowance  tables  in  the 


^Although  severance  pay  is  part  of  the  cost  estimation  module,  it  is  not 
linked  to  reenlistment  rates. 
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projection  years  are  calculated  from  these  percentages,  the 
base  year  tables,  and  the  percentage  of  soldiers  with 
dependents  in  the  base  year. 

•  Selective  Reenlistment  Bonus  (SRB).  The  SRB  inputs  depend  on 
the  occupation  level  being  considered.  For  an  MOS  projection 
the  anticipated  multipliers  by  zone  and  projection  year  can  be 
specified  by  the  user.  For  CMF  projections,  the  multipliers 
for  the  MOSs  within  that  CMF  are  specified  and  the  model 
calculates  an  average  multiplier  for  use  in  determining  bonus 
payments.®  For  the  all -Army  projection,  the  annual  percentage 
change  in  the  average  SRB  multiplier  can  be  specified  by 
projection  year.  In  addition  to  choosing  the  level  of  the 
multiplier,  the  analyst  can  specify  the  population  of  the  bonus 
that  is  paid  as  a  lump  sum  upon  reenlistment.  The  remaining 
bonus  is  paid  as  annual  installments  over  the  term. 

•  Retirement  Benefits.  The  following  elements  of  a  defined 
benefits  type  of  retirement  plan  can  be  specified  in  the  EPICC: 

-  Benefits  accrural  rate  by  YOS 

-  Type  of  cost  of  living  adjustment  (COLA)® 

The  assumed  characteristics  of  the  retirement  plan  can  vary  by 
YOS  groups  allowing  grandfathering  of  existing  plans. 

•  Promotion  Times.  The  analyst  can  specify  the  percentage 
increase  or  decrease  in  average  promotion  times  to  grades  E-4 
through  E-9,  by  projection  year.  Future  promotion  times  are 
calculated  by  applying  these  percentages  to  the  average 
promotion  times  in  the  base  year. 


There  are  two  sets  of  macroeconomic  assumptions  that  define  the  civilian 
pay  alternative: 


•  Mominal  Civilian  Pay  Growth.  The  user  determines  the  expected 
annual  percentage  increase  in  hourly  pay  for  employees  in  the 
nonagri cultural  private  sector,  by  projection  year. 

•  Unemployment  Rate.  This  is  specified  as  the  national 
unemployment  rate  (for  workers  age  16-64)  by  projection  year. 


®The  average  is  calculated  by  weighting  the  multipliers  by  the  proportions 
of  the  CMF  inventory  in  each  MOS  during  the  base  year. 

®If  less  than  a  100%  COLA  is  specified,  an  assumption  about  the  expected 
level  of  inflation  over  the  long  run  is  required. 
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The  military  and  civilian  compensation  assumptions  are  used  in  two  ways  in  the 
EPICC.  First  they  enter  into  the  reenlistment  rate  predictions,  as  described 
below.  Second,  they  are  used  in  generating  compensation  costs  for  the 
projection  years.  Thus,  the  user  need  only  specify  his  assumptions  once  to 
calculate  both  the  inventory  and  cost  effects  of  that  scenario. 

Prediction  Methodology.  Reenlistment  rates  in  the  projection  years  are 
predicted  in  a  two  step  process.  First,  the  compensation  assumptions  are  used 
to  calculate  the  maximum  ACOL  values  for  soldiers  in  YOS  3  through  30  in  the 
base  year  and  each  projection  year. 

As  an  example,  consider  the  process  for  soldiers  at  YOS  3  in  the  first 
projection  year.  Annual  values  of  military  compensation  from  YOS  3  to  YOS  30, 
the  WM/s  in  the  above  discussion  of  the  ACOL  model,  are  generated  using  the 
assumed  pay  and  allowance  tables,  promotion  points,  and  SRB  characteristics 
special  pays  for  the  first  projection  year.  Annual  values  of  post-service 
earnings,  the  WC/s,  are  calculated  from  earnings  models  that  are  described  in 
Section  3.3,  adjusted  for  expected  growth  in  civilian  pay  from  the  base  year  to 
the  first  projection  year.  Retirement  pay,  the  R^/s,  is  determined  by  the 
assumed  characteristics  of  the  retirement  system  and  the  basic  pay  projections. 

These  elements  are  combined  to  form  the  returns  to  leaving  immediately 
(equation  3.2)  and  the  returns  to  staying  (equation  3.1)  for  careers  that  range 
from  separation  at  YOS  7  through  separation  at  YOS  30  (i.e.  24  potential  career 
horizons).  The  model  will  use  a  10%  discount  rate  in  determining  present 
values.  Finally,  the  maximum  ACOL  across  different  future  career  horizons  is 
selected.  These  computations  are  repeated  for  YOS  4  through  YOS  29  in  the  base 
year  and  each  of  the  projection  years. 

In  the  second  step,  the  change  in  ACOLs  and  unemployment  rates  from  the 
base  year  to  a  projection  year  are  combined  with  the  base  year  reenlistment 
rates  to  predict  reenlistment  rates  for  the  projection  years.  Specifically,  the 
reenlistment  rate  for  YOS  t  in  projection  year  y  is  given  by 
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(3.6) 


r,y  =  n  $'Hr,o)  +  a^,(ACOL,,-ACOL,J  +  au(U,,-U,o)] 


where  Tio  is  the  base  year  reenlistment  rate  in  YOS  t,  AC0L,y  is  the  ACOL  value 
in  projection  year  y  for  soldiers  at  YOS  t,  and  Uy  is  the  unemployment  rate  for 
year  y.  In  words,  we  convert  the  base  year  reenlistment  rate  into  a  probit 
index,  adjust  that  index  for  changes  in  unemployment  and  ACOL  between  the  base 
and  projection  years,  and  calculate  the  reenlistment  rate  associated  with  the 
new  index.  This  is  a  variation  of  the  prediction  methodology  typically  used  in 
those  inventory  models  that  include  a  compensation-reenlistment  link. 

Both  the  strength  and  weakness  of  this  approach  to  predicting  future 
reenlistment  rates  is  that  it  bases  the  prediction  on  current  rates.  This  is 
a  strength  if  reenlistment  rates  have  recently  changed  for  nonpay  reasons  that 
are  expected  to  persist  in  the  future,  such  new  reenlistment  standards. 
Equation  3.6  incorporates  these  shifts  into  the  projections  for  future  years  by 
using  the  base  year  rates  as  a  starting  point.  This  procedure  is  inappropriate, 
however,  if  the  base  year  rates  are  unexpectedly  high  or  low  for  reasons  thought 
to  be  transitory.  As  noted  in  Section  2.0,  the  analyst  will  have  the  option  to 
directly  change  the  base  year  rates  used  in  a  projection.  He  can  use  this 
option  if  he  believes  that  the  base  year  rates  are,  for  nonpay  reasons,  not 
representative  of  what  can  be  expected  in  the  projection  years. 


3.3  Estimating  the  Compensation-Reenlistment  Parameters 

The  reenlistment  models  we  will  estimate  for  the  EPICC  will  be  modified 
versions  of  the  ACOL  models  developed  by  SRA  for  three  CMFs  in  the  ARI 
Compensation  Models  Project.^  The  modifications  are  designed  to  simplify  the 
calculation  of  the  ACOL  variable,  and  thereby  decrease  the  execution  time  in  the 
compensation-reenlistment  module,  while  still  producing  estimates  of  the  key 
parameters  that  are  reasonable  given  the  results  of  the  Project  research.  We 
discuss  our  approach  in  three  parts;  the  development  of  the  analysis  samples. 


^This  research  is  documented  in  D.  Alton  Smith  et  al..  Army  Reenlistment 
Models.  SRA  report,  September  1989. 
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the  calculation  of  ACOL  values,  and  the  specification  of  the  reenlistment 
models. 

Analysis  Samples.  The  compensation-reenlistment  models  for  EPICC  will  be 
estimated  using  the  Enlisted  Panel  Research  Data  Base  (EPRDB),  a  longitudinal 
file  that  tracks  a  sample  of  All -Volunteer  Force  enlisted  personnel  from 
accession  through  separation  using  data  from  a  variety  of  personnel  records. 
From  the  EPRDB  we  will  select,  by  CMF,  samples  of  soldiers  who: 

•  Accessed  from  FY  1978  through  FY  1984.  CMF  identification  is 
only  available  starting  in  1978.  Although  later  accessions  are 
included  in  the  EPRDB,  first  term  decisions  for  many  of  these 
soldiers  cannot  be  observed. 

•  Were  still  in  the  Army  at  six  months  before  their  initial  ETS 
date.  This  eliminates  soldiers  who  leave  before  completing 
their  first  term  of  service  and,  therefore,  do  not  face  a 
reenlistment  decision. 

•  Were  eligible  to  reenlist.  Including  soldiers  who  cannot 
reenlist  in  the  analysis  sample  potentially  biases  the 
parameters  of  the  reenlistment  model. 

•  Have  complete  data  on  the  variables  required  for  the  analysis. 

ACOL  Variable.  Military  compensation  estimates  for  soldiers  in  the 
analysis  samples  will  be  built  up  from  pay  tables  and  predicted  promotion 
points,  as  described  above.  Civilian  pay  estimates  will  be  generated  from 
earnings  models  estimated  with  the  Post-Service  Earnings  History  File  (PSEHF) 
developed  by  DMDC.  The  PSEHF  includes  IRS-reported  earnings  in  1979  through 
1983  for  soldiers  who  separated  in  1972  through  1980.  Although  not  without 
problems  --  for  example,  the  military  occupation  of  separatees  can  only  be 
identified  as  one  of  six  broad  categories  of  occupations  --  the  parameters  of 
post-service  earnings  models  estimated  with  the  data  set  in  the  Compensation 
Models  Project  were  reasonable. 

In  contrast  to  the  Compensation  Models  Project,  we  will  not  allow  our 
predictions  of  military  and  civilian  compensation  to  vary  by  individual 
characteristics,  other  than  years  of  service  and  military  occupation.  In 
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particular,  we  will  use  average  promotion  times  by  CMF  rather  than  promotion 
time  models  in  calculating  military  pay  and  specify  post-service  earnings  for 
each  occupation  category  as  a  function  of  military  and  civilian  experience  only. 
This  modification  is  motivated  primarily  by  concerns  about  the  number  of  ACOL 
values  that  must  be  calculated  in  the  compensation-reenlistment  module.  Without 
individual  characteristics,  one  set  of  ACOLs  by  YOS  and  projection  year  can  be 
used  for  all  subinventories. 

What  effect  will  this  have  on  the  estimated  ACOL  parameter?  As  long  as 
the  difference  between  the  ACOL  for  a  particular  subgroup  and  the  occupation- 
average  ACOL  is  constant,  both  specifications  will  yield  the  same  pay  parameter.® 
In  the  Compensation  Models  Project  we  found  this  condition  was  satisfied  for  the 
three  CMFs  studied,  as  the  pay  parameters  in  both  models  were  similar. 

Model  Specification.  Using  the  analysis  samples  defined  above,  we  will 
jointly  estimate  models  of  first  and  second  term  reenlistment  behavior 
(estimates  of  the  ACOL  and  unemployment  parameters  for  third  and  later  terms  are 
discussed  below).  Joint  estimation,  known  in  the  reenlistment  literature  as  an 
ACOL-2  model,  provides  parameter  estimates  for  second  term  decisions  that  are 
free  from  dynamic  selection  bias.  We  will  attempt  to  estimate  separate  models 
for  each  CMF,  although  small  sample  sizes  in  the  EPRDB  may  require  that  we  pool 


®If  there  are  two  groups,  the  reenlistment  model  with  group-specific  ACOLs 
is  given  by 

^Ity  ~  ^  (®1®1  ^2^2  +  ®ACOL^^®L|,y) 

where  i  indexes  the  groups  and  the  G/s  are  dichotomous  variables  equal  to  one 
if  the  observation  is  in  that  group.  With  occupation-average  ACOLs,  the  model 
can  be  written  as 

r„y  =  $  {  [o!,+o;^QQL(AC0L„y-AC0L^)  ]G,  +  [ft2+ft^0Q,^(ACOLj^-ACOL,y)]G2 

where  ACOLj^  is  the  average  ACOL  across  the  groups.  If  the  difference  between 
the  group  ACOL  and  the  occupation  average  is  constant,  only  the  coefficients  on 
the  group  variables  will  change,  reflecting  the  group's  relative  ACOL  in  addition 
to  any  taste  differences. 
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CMFs  with  similar  characteristics.® 


Based  on  our  previous  research,  a  working  specification  of  the  explanatory 
variables  in  the  reenlistment  models  for  the  EPICC  would  include: 


.  ACOL 

•  National  unemployment  rate 

•  Black 

.  Black  *  ACOL 

•  Female  (non-combat  arms  CMFs) 

•  Female  *  ACOL 

•  Second  term  decision 

•  Second  term  *  ACOL 

•  Mental  category  1-3A 
.  1-3A  *  ACOL 

•  High  school  graduate 

•  Graduate  *  ACOL 

•  Two-year  initial  term 

•  Dependents 

•  Prior  service 


This  specification  allows  us  to  test  for  differences  in  the  compensation- 
reenlistment  link  across  the  subinventories  that  will  be  included  in  the  EPICC 
and  across  years  of  service.  The  for  any  subinventory/YOS  is  calculated  by 
combining  the  ACOL  coefficient  with  the  appropriate  interaction  coefficients. 
For  example,  the  ACOL  coefficient  for  high-quality,  black  males  in  the  Infantry, 
facing  a  second  term  reenlistment  decison,  would  be  given  by 


®ACOL  ®ACOL,lnt  ®ACOL*BlaeK,lnt  "*■  ®ACXDL*1-3A,lnf  ®ACXIL*HS,lnf 

®ACOL‘Tenn2,lnf 


Thus  the  projection  methodology  used  in  the  model  will  reflect  not  only  the 
differences  across  subinventories  and  YOS  in  the  level  of  reenlistment  rates  but 
also  differences  across  these  groups  in  the  responsiveness  to  compensation 
changes. 


In  addition  to  the  soldier  characteristics  that  define  the  subinventories 


®An  all -Army  reenlistment  model  will  also  be  estimated. 
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--  black,  1-3A,  and  high  school  graduation  status  --  we  include  variables  for 
two-year  initial  enlistments,  for  dependents  status,  and  prior  service. 
Previous  research  suggest  that  all  these  factors  have  a  significant  effect  on 
reenlistment  rates.  We  plan  to  start  estimation  with  the  Infantry,  Mechanical 
Maintenance,  and  Administration  CMFs  --  the  CMFs  studied  most  intensively  in  the 
Compensation  Models  Project  --  and  will  evaluate  this  specification  based  on  the 
results  for  these  CMFs. 

Because  all  soldiers  in  the  EPRBD  accessed  after  FY  1974,  it  is  not 
possible  to  use  this  data  set  to  estimate  reenlistment  models  for  the  third  term 
and  beyond.  We  don't  believe  that  the  effort  required  to  estimate  reenlistment 
models  for  these  decisions  is  the  best  use  of  scarce  contract  resources.  First, 
results  from  the  Compensation  Models  Project  and  other  studies  agree  that  the 
responsiveness  of  reenlistment  rates  to  relative  pay  declines  as  YOS  increases. 
Thus,  even  large  changes  in  relative  pay  are  likely  to  have  only  a  small  effect 
on  reenlistment  rates.  Second,  because  of  the  pyramid  structure  of  the  enlisted 
force,  accurate  projections  of  accession  requirements  depend  more  on  the 
accuracy  of  the  first  and  second  term  reenlistment  rate  projections  than  on  the 
projections  of  rates  for  senior  enlisted  personnel.  As  a  consequence,  we 
propose  to  initially  use  judgmental  estimates  for  the  pay  parameters  for  these 
decisions.  These  will  be  derived  from  the  pattern  of  first  and  second  term  pay 
parameters  estimated  for  each  CMF.  To  the  extent  that  resources  allow, 
empirical  estimates  for  the  later  terms  can  easily  be  substituted  in  the  model 
at  a  later  date. 


3.4  Summary 

The  compensation-reenlistment  module  allows  the  EPICC  to  be  used  in 
evaluating  alternative  pay  policies  and  in  assessing  the  effects  of 
macroeconomic  factors  on  the  enlisted  force.  Our  design  for  this  module  has  the 
following  features: 

•  A  wide  variety  of  military  pay  policies  can  be  easily  modeled. 
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•  The  methodology  for  linking  compensation  to  reenlistment  is 
based  on  the  ACOL  model,  the  most  widely  used  approach  in 
assessing  the  retention  effects  of  alternative  compensation 
pol icies. 

•  The  research  design  for  estimating  the  critical  compensation- 
retention  parameters  is  based  on  findings  from  the  Army 
Compensation  Models  Project. 


This  completes  the  discussion  of  part  I  of  the  EPICC  model.  Part  II  follows  in 
the  next  volume  of  the  draft  report  and  discusses  the  design  of  the  cost 
estimation  module  and  its  integration  into  the  model. 
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